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TECTONICS OF MEXICO! 


MANUEL ALVAREZ, 
al México, D. F. 
ABSTRACT 

Tt has been attempted to present in this paper, for the first time, an idea of the tectonics of 
Mexico as a whole, based on the concepts developed mainly by Alpine geologists for the study of 
orogenic processes. 

With this object in view, the paper was divided in two parts; the first, in which was established 
the meaning of the concepts in order to fix the sense in which they will be used and to point out in a 
general way the orogenic processes to which the region of Mexico was subjected; the second part in 
which are described the major structural units, from a tectonic point of view, especially as to the 
character and orientation of their folds, since the character of the major units is mainly established 
from the character of the folds. 

There have been established in the foreland of the Mexican geosyncline, three shelves, a large 
massif, two small ones, and four basins. There have been postulated for the hinterland a great massif 
or continent, two large massifs, two medium and four small massifs, and three basins. The foredeep 
of the geosynclinal fold has been indicated in three regions, as established by the flysch sediments 
deposited therein. 

It is considered that the geosyncline of the Mexican Cordillera begins west of Ciudad Judrez 
extending southward to Torre6én, where it turns eastward to Monterrey, and from there, southeast- 
ward to the Coatzacoalcos River, thence northeastward to the Chalchijapan River, and upon reaching 
the narrowest part of the Isthmus of Tehuantepec, it turns east-southeastward into Guatemala. 

It is established that the principal orogeny which gave rise to this folding started at the end of 
the Cretaceous in the northern part of Mexico and at the beginning of the Eocene in the rest of the 
country, and ended at the end of the Eocene excepting in the southeast where it lasted until the 
beginning of the Oligocene. Furthermore, there were embryonic and posthumous movements, the last 
of which is very important, in the Isthmus and the Macuspana and Pichucalco basins. 


1 Read before the South Texas Section of the Association, México City, October 19, 1948. Manu- 
script received, December 27, 1948. 


2 Geologist of the Central Exploration Department of Petréleos Mexicanos. The writer ex- 
presses his appreciation to the general management of Petréleos Mexicanos for permission to pub- 
lish this paper, and to the head of the exploration department for the use of the unpublished reports 
in its files. The writer has drawn freely from the published and unpublished works that appear in the 
bibliography and specially from D. Triimpy’s unpublished report “Regional Tectonics and Oil Pros- 
pects of Eastern Mexico.” The writer expresses his thanks to Robert Aldredge of the Westby Geo- 
physical Corporation and Clark Millison, who read this paper. Finally, thanks are due to Felipe 
Guerra who drafted the reduced map for publication. 
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TECTONICS OF MEXICO 1321 


THEORETICAL CONSIDERATIONS 


Before discussing the tectonics of the Republic of Mexico, it is necessary to 
define the terms that will be assigned to the main structural units and to the 
processes in which these units play an integral part. 

The terms, massifs and shelves, designate those parts of the earth’s crust 
(“sial” of Suess) whose thicknesses are 30-60 kilometers or more. Shelves refer 
to blocks in which the two horizontal dimensions predominate or both horizontal 
and vertical dimensions are of the same magnitude. Lastly, continental blocks 
of much larger extension than the massifs and shelves are called continents. 

The following shelves may be recognized: Coahuila, Tamaulipas, and Yuca- 
tan; similarly, the following massifs: El Burro-Picachos, Teziutlan, San Andrés, 
Chiapas, the complex massif of Guerrero and Oaxaca, and the small massifs of 
Guerrero and Michoacan; in addition, the massif of Jalisco and those of Lower 
California, besides a probable massif in the area southwest of Huimanguillo; 
finally, the western continent, which comprises the western Sierra Madre and the 
Mesa Central. 

Those parts of the earth’s crust in which the sial crust is thinner than that of 
the massifs and shelves are called basins and this reduced thickness makes them 
susceptible to folding by the movements of the massifs and continents. One may 
also recognize the following basins: Sabinas, Burgos, Veracruz, the Isthmus 
saline basin, the basin of Tabasco and Campeche, those of Oaxaca, the Balsas 
basin, the Paleozoic basin of Sonora, the basin of Sebastian Vizcaino, and others 
in Lower California. Others are the foredeeps of Parras, Chicontepec, and 
Chiapas. 

A geosyncline is defined as a marine depression which may be the result of 
compression or tension; it is situated between two continental masses and is 
destined to be filled with sediments. In it, folding systems are developed as a 
result of a major orogeny. Generally, in these geosynclines the sial crust is very 
thin, 3-6 kilometers in thickness, and therefore they constitute zones of extreme 
mobility. 

The Mexican geosyncline covers a large part of the region. It starts in the 
vicinity of Ciudad Juarez with a width toward the west of approximately 125 
kilometers, extends southward to Torreén where it turns eastward to Monterrey 
and then strikes southeast to the Rio Chalchijapan and, after bordering the 
northeast end of the Chiapas massif, enters Guatemala, passing through Tuxtla 
Gutiérrez and Comitan. 

During the Upper Jurassic and Cretaceous, the deepest parts of the seas were 
in the geosyncline. However, some of the massifs and shelves, for example, the 
western continent, the Coahuila shelf part of the El Burro-Picacho massif, part 
of the complex massif of Guerrero-Oaxaca, and the Chiapas massif, were exposed 
as continental areas from which were derived the sediments deposited in those 


seas. 
Although no definite orogenic theory is accepted, the ideas of Suess, Argand, 
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Joly, Wegener, Kéber, Gutenberg, Daly, and mainly those of Rudolph Staub and 
van der Gracht have been kept in mind, as well as the theory of isostasy accord- 
ing to Airy’s conception. Therefore, the sial blocks are supposed to float in iso- 
static equilibrium over the sima and the folds are supposed to be caused by the 
horizontal displacement of these blocks, without speculating about the force 
which caused such displacements or about the mechanism of the process, except- 
ing as it refers to the sedimentary cover. With respect to an orogenic system, 
Kéber’s “orogene,”’ four main zones may be recognized: the zone constituted by 
sial blocks, called hinterland, from which the thrust apparently originated; the 
geosyncline, between the foreland and the hinterland, which was folded as these 
two elements approached each other; the foredeep which was formed along the 
boundary of the geosyncline and the foreland during the orogeny and constituted 
a long narrow and deep depression, situated between the front folds and the 
foreland; and an apparently resisting block called the foreland which forced the 
folding of the sediments in the geosyncline as the hinterland approached it. There 
are cases in which at depth the foreland moves toward the hinterland, but due to 
the configuration of the front of the hinterland, or due to its relative height with 
respect to the foreland in the sedimentary cover, the direction of the folds is al- 
ways from the hinterland toward the foreland. In any case, such direction is the 
basis for their denomination. 

As the orogeny begins, the hinterland advances toward the foreland, com- 
pressing the geosyncline between and causing the sediments therein deposited to 
become folded, but they remain submerged below the water in the geosyncline. 
Then adjacent to the border of the foreland, a deep, narrow depression appears 
where the sediments derived from the marine erosion of the folds in process of 
formation are deposited. The sediments derived from the folds have two facies: 
an argillaceous facies which is deposited mainly over the foreland and a sandy 
facies which is mainly deposited in the foredeep and is called “‘flysch.”’ After one 
or more pulsation, which folds both the sediments in the geosyncline as well as 
those of the foreland, the maximum paroxysm occurs. Thereafter the orogenic 
folding system remains practically formed. During and immediately after the 
maximum paroxysm, marine and sometimes deltaic material is deposited in 
enormous conglomerate fans. Large blocks of rocks result from the fracturing of 
the formations as they are subjected to the folding process whose short trans- 
portation does not permit their total disintegration. Hence, they appear as erratic 
blocks surrounded by material with a more recent fauna. This type of sediment 
is called ‘‘molasse” and it consists also of two facies: argillaceous and conglomer- 
atic. 

The following types of sedimentation have been established: (1) epeirogenic, 
{2) orogenic, and (3) thalatogenic. 

1.—The epeirogenic sedimentation occurs in the bottom of epicontinental 
seas. that is, those seas which are adjacent to the continental masses of the fore- 
lands and hinterlands or sometimes overlap on them. They are mainly ter- 
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rigenous deposits (derived from the continents) or calcareous deposits formed 
near the continent in shallow waters. 

This sedimentation is characterized also by cycles of sedimentation, each of 
which shows different phases: (a) transgression, (b) inundation, and (c) regres- 
sion. 

During the transgression phase, the disintegration of the continental shores 
occurs with a formation of breccias, conglomerates, and sandstone. With the in- 
undation phase the sediments acquire a more bathyal character, and marls and 
clays prevail. The shallow-water deposits characterize the regression which may 
end in an emergence. 

2.—The orogenic sedimentation is limited to the margin of the geosyncline 
near the front of the folds which emerge from the sea, forming cordilleras. In this 
case, the clastic material is derived from marine erosion of the folds and the sub- 
marine talus of these folds is covered by this material. If the slope is strong, the 
gravels and rock fragments may roll to the bottom and be imbedded in the 
deeper deposits. If the folds emerge but remain covered by shallow waters, sand- 
stone may be deposited. 

3.—The thalatogenic sedimentation is characterized by pelagic deposits that 
cover the deeper part of the secondary geosynclines. 

The epeirogenic sediments are well known and are mainly found in the basins 
of sedimentation. The orogenic sediments such as flysch and molasse are not as 
well known although they are found in every major orogenic system. The im- 
portance of these sediments to the fixation of time limits in which the orogeny is 
developed is fundamental, since, as the age of each of both types of orogenic 
sediments is determined, the time limits of the orogenic process are also estab- 
lished. 

It is true that embryonic and posthumous movements may exist, but they do 
not have the importance or the intensity of the orogenic movements proper. 

Characteristic of the intensity of the orogenic movements is the formation of 
recumbent folds whose inverted limbs have partly disappeared and are re- 
placed by fault planes. These are called overthrust sheets, ‘‘nappes” or ‘“‘decken.”’ 

The roots of a recumbent anticline or an overthrust sheet form the nucleus of 
the anticline in the area where the beds are more or less vertical. This condition 
gives the impression of rooting with depth. 

In the forelands, especially near the border close to the geosyncline, arch folds 
and even isoclinal folds are developed which indicate relatively superficial though 
intense folding, but in no way comparable with that indicated by recumbent 
folds and overthrust sheets. 

In the Mexican orogeny, the foreland comprises the Coahuila shelf, the Burro- 
Picachos massif, the Tamaulipas shelf, the Teziutlin massif, the San Andrés 
massif, the Yucatan shelf, and the intermediate basins, as well as a continental 
block which is supposed to be submerged in the Gulf of Mexico; the hinterland 
comprises the western continent, the Guerrero-Oaxaca complex massif, the 
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Chiapas massif and intermediate basins as well as the Pacific shield, which is 
known to have a greater rigidity than the continental blocks. 


MAJOR STRUCTURAL UNITS 
COAHUILA SHELF 


The Coahuila shelf appears to be formed by the intensely folded front of the 
Ouachita system whose last outcrops in Texas appear in the Marathon and 
Solitario uplifts. 

The southernmost outcrop of this system is exposed in the Las Delicias valley 
where intensely folded Permian beds may be observed. Nappes are present, such 
as that of Agujita, which overrides that of La Difunta; both nappes ride toward 
the west which is approximately at right angles to the main axes of the folds and 
faults which strike north-northwest. 

Above these Permian folds, post-Cretaceous folds are found which include 
brachi-anticlines and quaquaversal folds, for example, the sierras de la Paila, 
Alamitos, de Garcia, del Venado, del Sobaco, de Tlahualillo, Campana, and 
others. These folds strike predominantly north-northeast, following the bound- 
aries of the shelf. 

This indicates that the pressure came mainly from the west excepting in the 
southeast part where it came from the south; in other words, the shelf represents 
the foreland of the Cordillera system and hence received the thrust of the front 
of the folds of that system toward the northeast. 


SABINAS COAL-BEARING BASIN 


This basin is between the Coahuila shelf and El Burro-Picachos massif and 
represents the depression between the Ouachita system front and its hinterland 
similar to the Tyler basin in Texas. This province is characterized by elongate 
northwest-trending anticlinal folds with steep flanks. These folds are asymmetric 
in the western margin with their southwest flank steeper than the northeast flank 
and their axial planes plunging northeast. In this basin the folding is more intense 
than that in the post-Cretaceous beds of the Coahuila shelf or of the El Burro- 
Picachos massif. 

EL BURRO-PICACHOS MASSIF 


This massif joins the Coahuila shelf at its northwestern margin but it is sepa- 
rated from the Coahuila shelf by the Sabinas basin; and southward its limits are 
doubtful excepting in the northwestern part where the Sierra del Carmen belongs 
to this massif and forms the western limit. Structurally, El Burro-Picachos massif 
is characterized by wide uplifts, almost flat and separated by broad synclines, the 
most important of which forms the Serrania of El Burro which has a position in 
this massif like that of the Sierra of Tamaulipas in the shelf of the same name. 
Toward the northeast the most important fold is the Chittim anticline which 
crosses the border near the town of Jiménez from which it takes its name in 
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Mexico. Six more broad folds of less importance than the Jiménez-Chittim fold 
lie between Villa Acufia and Jiménez. On the south are the anticlines of Arroyo 
Blanco, the Peyotes Hill, and the Salado arch, the last being a prolongation of 
the Serrania of El Burro. The massif ends at the south with the Picachos Sierra 
whose axis strikes N. 70° W. and whose northern end has been subjected to post- 
Cretaceous volcanism. On the south it continues with the Sierra, the Papagallos. 


BURGOS BASIN 


This basin may be considered as the southwest flank of the Rio Grande em- 
bayment, whose sediments are derived mainly from the river, and partly from 
the El Burro-Picachos massif and the northern end of the Tamaulipas shelf. 

Westward it is limited by the Cretaceous-Eocene contact, southward by the 
Tamaulipas shelf as expressed by the Sierras of San Carlos and Cruillas, eastward 
by the Gulf of Mexico, and northward it continues into the Rio Grande embay- 
ment. 

In the Eocene belt the anticlines in this basin have axes oriented northwest- 
southwest and most of them plunge southeastward. Most of these structures have 
the same character. It consists of an east-plunging nose whose axes make an angle 
of 120° with that of the anticline and which starts suddenly from the homocline 
plunging eastward. The oblique orientation of the noses to the anticlines probably 
shows the influence of the northwest end of the Tamaulipas shelf and perhaps 
that of the Ouachita system. Among the anticlines of this basin are those of 
Guerrero, Aldamas, La Presa, Ochoa-Pesada, Roma, Rancherias, Zacate, Tio 
Bernardo, Huizachito, Puerto Rosa, China, Banquete, San Miguel Javali, and 
the complex structure of Vaquerias. 

In the belt where the Oligocene beds crop out, both surface geology and seis- 
mic surveys show a folded and intensely faulted zone, oriented north-south, for 
which no explanation has yet been offered. Where Miocene and later beds crop 
out, the seismic surveys in its northern part show regular anticlines, mainly 
oriented north-south, as may be seen from Guzman’s paper in this number of the 
Bulletin. 


TAMAULIPAS SHELF 


This shelf extends from the Sierra San Carlos and Cruillas on the north ap- 
proximately to Misantla on the south. It is limited on the north by the Burgos 
basin, on the west by the folds of the Cordillera geosyncline and by the foredeep 
of Chicontepec, on the south by the narrow continuation of that foredeep which 
separates it from the Teziutlan massif, and on the east by the Gulf of Mexico. 
Like the massif El] Burro-Picachos, the shelf is characterized by wide structures 
whose folds are accentuated by igneous intrusions (San Carlos, Tamaulipas, 
Chocoy, La Aguada, Aragon, ef cetera). The Cruillas Sierra has been affected by 
the San Carlos and the axes of its folds are oriented from east to west. 

Northwestward the shelf extends to the Miquihuana uplifts, its western limit 
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being the valley of La Perdida. On the east of this uplift is that of Huizachal 
which forms a wide arch whose flanks are very steep at the ends. This uplift con- 
tinues into the Carabanchel anticline which bifurcates north of Chamal to form 
the Antiguo Morelos syncline and two series of anticlines. This is the result of 
the tectonic phenomenon called decollement (ungluing). This phenomenon, as 
well as the type of folding that characterizes the Sierra de El Abra, is of the type 
common in the Jura Mountains which constitute part of the foreland of the Alps. 
East of these folds is the Sierra of Tamaulipas whose buried continuation forms 
the complex structure of the Panuco area. South of this area, the most important 
and interesting tectonic element is the Golden Lane block on the western margin 
of which is located the oil field of that name. The Golden Lane had an inde- 
pendent geological history during the Upper Cretaceous and the Eocene as may 
be proved from the unconformities which are observed. On the western margin of 
the shelf, in general paralleling it, are wide structures en échelon, of which the best 
known is Poza Rica. There are some transversal disturbances, especially on both 
sides of the Tantima Sierra which might be the result of embryonic foundation 
folding. 


TEZIUTLAN AND CHICONQUIAC MASSIFS 


These massifs probably unite at depth to form an arch oriented west-north- 
west and east-northeast, and whose apex is approximately 8 kilometers west of 
Teziutlan. Large granitic bodies crop out near its axis. It separates the Tampico 
embayment from the Veracruz basin, as the reduced continuation of the Chicon- 
tepec foredeep separates it from the Tamaulipas shelf. At the west it is limited by 
the geosynclinal folds, and at the east by the Gulf of Mexico. Its influence may be 
noted in the intense folds of its northern margin, as well as by more gentle folds, 
in its southern margin. 


VERACRUZ BASIN 


This as yet little known basin is limited on the north by the Teziutlan massif, 
on the west by the geosynclinal folds, on the south by the Isthmus saline basin 
and the San Andrés Tuxtla massif, and on the east by the Gulf of Mexico. Its 
folds are oriented northwest-southeast excepting in the vicinity of the Teziutlan 
and San Andrés massifs whose margins they parallel along with those of the 
Isthmus saline basin. 


SAN ANDRES MASSIF 


This massif marks the southeast limit of the Veracruz basin and consists of a 
diorite uplift over which are andesitic and basaltic intrusions of later age. Some of 
its volcanoes, such as the San Martin, have been active during very recent time. 
In contrast with other known massifs of the foreland, such as the Teziutlan massif 
and the Tamaulipas shelf, it is not covered by deposits earlier than Oligocene in 
age, and therefore it is supposed to have been emergent during the Mesozoic and 
the Eocene, forming part, perhaps, of the barrier that caused the salt deposit 
in the saline basin. 
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ISTHMUS SALINE BASIN 


This basin is bounded on the west by the San Andrés massif and the Veracruz 
basin, on the south by the geosynclinal folds, on the east by the massif postulated 
in the area southwest of Huimanguillo, and on the north by the Gulf of Mexico. 
It is about 150 kilometers long and at least 70 kilometers wide, striking from 
west-northwest to east-southeast. 

The Achotal-Uzpanapa anticlinorium is the backbone of the tectonic system 
of the basin. The arching of this anticlinorium whose bearing varies from south- 
east-northwest to east-west, and then from northeast to southwest is in accord- 
ance with the geosynclinal folds on the south. The south flank of this anti- 
clinorium is broken by faults striking northeast and southwest; short folds 
similarly oriented are superimposed on the crestal area of the anticlinorium and 
follow approximately the same extension northeastward as the faults. 

Both folds and faults are supposed to originate from older faults through 
which the salt was injected. The extreme mobility within and the existence of 
this basin as a unit is ascribed to the presence of thick salt deposits possibly 
Oxfordian in age. 

TABASCO AND CAMPECHE BASIN 


The Veracruz, Isthmus, and Tabasco-Campeche basins could be considered 
as one basin, but the Oxfordian outcrops between the Veracruz and Isthmus 
basin indicate a definite tectonic separation between those basins; contrariwise, 
the separation between the Isthmus and Tabasco-Campeche basin is unknown 
due to absence of outcrops in the latter. Extensive gravimetric and seismological 
surveys have been made in this basin, but so far the few wells that have been 
drilled preclude a concrete interpretation. However, the results indicate that 
probably several faults of considerable displacement are present. 


YUCATAN SHELF 


The south and southwest limits of this shelf are not well defined, but gravi- 
metric surveys point toward a southwest limit. No important tectonic features 
are known in Campeche or Yucatan (excepting the marginal fractures on the 
east and the Sierra of Ticul). The Cretaceous and Tertiary formations of south- 
eastern Tabasco indicate continental or shallow-water facies toward Yucatan. 
It is known that in the vicinity of Merida the Tertiary does not exceed 3,000 feet 
in thickness. The Yucatan shelf is somewhat similar to the Florida peninsula, 
and both may be considered as little disturbed fragments of the ancient Gulf 
continent. In southern Quintana Roo, the dips are toward the west, becoming 
steep eastward, indicating a flank of an uplift whose axis probably passes through 
the Coxcomb Mountains and perhaps continues through the Cayman Islands 
toward the Sierra Maestra of southeast Cuba. 


CHIAPAS MASSIF 


The Chiapas massif is south of the geosynclinal folds and forms the southern- 
most blocks of the hinterland of the Cordillera. It consists of pre-Paleozoic 
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gneisses, mica schists, phyllites, granites, and serpentines. Its northern margin 
is characterized by a Paleozoic series in which shales, graywackes, and con- 
glomerates predominate, which are partly overlain by a Productus and Fusulina 
limestone of Permian age. In Oaxaca and southern Chiapas the Chiapas massif 
parallels the Pacific coast in a general northwest-southeast trend, and continues 
into Guatemala. The theory has been advanced that this massif had later dis- 
placements up to the Oligocene and even into the Miocene, and that these dis- 
placements are the reason for the definite form of the structural system of the 
saline basin. This massif probably joins with the complex massif of Guerrero- 
Oaxaca in an imbricated and metamorphosed zone north of the town of Tehuan- 
tepec. 
GUERRERO-OAXACA COMPLEX MASSIF 


This massif is between the geosynclinal folds on the north and northeast, the 
Chiapas massif on the east, the Pacific Ocean on the south, and the Balsas basin 
on the west and southwest. It is composed of igneous and metamorphic rocks 
between which are the Oaxaca, Tlaxiaco, and Taxco-Chilpancingo basins, which 
probably represent depressions within the massif. The Taxco-Chilpancingo basin 
does not appear to be completely separated from the Balsas basin. The Oaxaca 
basin is narrow, folded, and faulted, but very little is known with certainty 
about it. The Tlaxiaco basin is practically surrounded by metamorphic rocks, 
whose lines of schistosity are oriented north and south, and indicate intense pre- 
Mesozoic folding. The,folds of the basin also strike north-south, for example, 
the Tlaxiaco and Monte Verde anticlines. North and northeast of this massif, 
perhaps in a depression of it, are other anticlines, striking north and south such as 
the Tehuixtla, Frontera, and Chila. 

In the Taxco-Chilpancingo basin, whose separation from the Balsas basin is 
not well defined, are several folds such as the Zapotitlan Lagunas, the nappe 
northeast of Taxco, the nappes facing the Tonalapa Balsas and Pachivia-Chiapa 
complex synclines, and the Ixcateapan Balsas anticline. 


BALSAS BASIN 


This basin is situated south of the western continent, east of the Jalisco 
massif, north of the small massifs of Guerrero and Michoacan, and west of the 
Oaxaca complex massif. Its limits are not well defined and its tectonics are little 
known, due, among other causes, to the extensive extrusive flows by which it is 
covered. In it may be observed some gentle folds related to the surrounding 
massifs. The gentleness of these folds suggests the possibility that the Balsas 
basin is a shelf of low relief and the small massifs are high elements in it. 


JALISCO, GUERRERO, AND MICHOACAN MASSIFS 


These massifs are formed of granitic and even metamorphic rocks, which are 
probably parts of the basal complex, but they are partly covered by extrusives. 
These massifs form a frame for the Balsas basin of which they probably are part. 
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SONORA PALEOZOIC BASIN 


Between the Gulf of California and the western continent lies the only basin in 
Mexico in which sediments from Middle Cambrian to Cretaceous crop out. In this 
basin the axes are oriented northwest and southeast, showing the influence of the 
western continent. The folds have a steeper western limb in the western part of 
the basin, and a steeper eastern limb in the eastern part of the basin. The eastern 
folds are stronger than the western folds. 


MASSIFS AND BASINS OF LOWER CALIFORNIA 


In the peninsula of Lower California, there is a massif of granitic rocks which 
forms most of the central part of the peninsula from the border down to the 28° 
parallel. It is bordered by a coastal plain on the west, and the northeast area is 
formed by the delta of the Colorado River. South of the 28th parallel, a Mesozoic 
basin separates Punta Eugenia and Punta Abrojos, in which appear wide folds, 
striking northwest-southeast, east-west, and north-northeast to south-southwest. 
This basin is terminated at the south by a mesa region at the mouth of Santa 
Marina. The eastern half south of the 28° parallel is mountainous and charac- 
terized by extrusive rocks and small intrusions. It terminates in a small massif of 
granitic and metamorphic rocks that extends from the city of La Paz to the 
southern end of the Peninsula. This massif is bounded by faults on its eastern and 
western margin. The whole eastern margin of the Peninsula is cut by a zone of 
faults, downthrown toward the east, and another fault zone is within the western 
margin of the Angel de la Guardia Island and other neighboring islands on the 
south. The zone is downthrown toward the west, making a graben between the 
Peninsula and the islands. 


WESTERN CONTINENT 


This great sial block forms the main element of the hinterland of the Cordil- 
lera, and though it has been only fragmentarily studied, it may be postulated 
that foundation folding (plis de fond) has developed on a moderate scale. Such 
folding is a geological phenomenon on a major scale, and represents a very large 
expenditure of energy, as may be appreciated by the amplitude and large radius 
of curvature. The tangential forces to which they are subjected, not only form 
wide and elongate arches, but produce rupture of rigid material, since in these 
folds it is the continental masses themselves that are folded. The type of folding 
produces enormous thrust-wedges that override each other forming ‘‘dry over- 
thrust sheets” (charriage @ sec), resulting finally in a gigantic imbricated struc- 
ture. The structure remains inconspicuous due to the magnitude of the wedges 
and the character of the rigid material, as well as to the numerous extrusive 
flows which find an opening through the enormous faults that limit such wedges. 
This structure not only explains the general appearance of the Western Sierra 
Madre and the Central Mesa, but also the distributions of volcanic cones in 
definite lines. Isostatic adjustments also mask the structure. 

The region between the 108° and 110° meridians and the 27° and 29° parallels, 
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the only one of which detailed studies have been made, seems to confirm what has 
been postulated. The rocks in this area have been intensely folded and faulted 
and intruded by plutonic rock masses. In addition, there were several diastrophic 
periods. The unconformity between the Cretaceous beds .and the volcanic 
Tertiary rocks marks an important period of folding; and the unconformity be- 
tween the latter and the Baucarit formation of Upper Tertiary points to dia- 
strophic movements between them. The Baucarit formation shows some deforma- 
tion, and in the northern part of this area older rocks override it due to inverse 
faults which indicate relatively recent movements. 

In describing the area from east to west and from north to south, it may be 
said that the Lower Tertiary volcanic rocks extend in great masses under which 
the Mesozoic rocks are highly folded. The erosional surfaces which have reached 
a mature stage show evidence of isostatic adjustments which have raised the 
area. 

In the Sahuaripa district large thrust wedges may be seen, formed by huge 
blocks thrust toward the west. In the Terachic Valley, an escarpment may be 
observed which probably indicates another thrust wedge. 

The sediments in the Sahuayacdén area override an agglomerate and other 
volcanic rocks indicating another thrust wedge toward the west. Andesitic lavas 
west of Urudchic are seen above conglomerates, probably indicating a wedge. 
Near Gloriapan, farther southwest, there is a great thrust fault, with a southeast 
strike, the wedge being made of limestone near Gloriapan where it crops out, and 
of andesite and diorite intrusions on the southeast. East of the Sahuaripa Valley 
the overriding mass consists of two wedges, the lower one formed by very dis- 
turbed Cretaceous rocks more than 4oo feet in thickness, and the other of 
Cretaceous limestone, older than those below, and both riding over Upper Ter- 
tiary rocks. North of Encinal there is a wedge of Cretaceous and Lower Tertiary 
rocks above Upper Tertiary rocks. In Realito another wedge is probably present. 
The San Javier and Soyopa Sierra are thrust wedges. 

The volcanoes are aligned, suggesting enormous fractures that may be related 
to thrust wedges, such as the Jécori, Tepache, Suaqui line, the Realito, Cobre and 
Pinito line, the lines of Cazuelas, Quemado, Pelon and Governador and Jagiiey 
del Malpais, Jagiiey del Agua, Las Tunas, Charro and Durango (convergent in 
the city of Durango), the El Fraile Registro and. Morones line, that of Ceboruco, 
Ixtlan, and Ahuacatlan, that of Gigante, Santiago, Yuriria, Irimbo, and Tajima- 
roa, and that of Cimaterio, Balta, and Tula. Though the andesitic flows are 
equally distributed over México, the rhyolitic flows are mainly restricted to the 
middle part of the western continent (north and south of Durango), and the 
basaltic flows are mainly located in a belt, 4° wide, at both sides of the southern 
margin of the western continent. 


CORDILLERA FOLDS OF MEXICAN GEOSYNCLINE 


These folds, studied only at some points distant from each other, have, never- 
theless, such unmistakable characteristics that it is possible to consider them as a 
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result of a major orogeny, although the geosyncline from which they originate 
was not very deep, nor has the intensity of folding been always of the same 
magnitude as that of similar folding processes such as the Alps or the Himalayas. 

From the vicinity of Ciudad Juarez a great overthrust sheet or nappe may be 
observed in the San Ignacio Sierra. On the west, in the Presidio and Guadalupe 
sierras, recumbent and fan folds show indications of a predominant force from 
the southeast, as well as a resistant mass constituted by the Coahuila shelf. 

On the south, the front of the folds penetrates the United States up to the Van 
Horn uplift and great nappes form the Malone, Quitman, Devil Ridge, and 
Eagle mountains. Still farther south, in the vicinity of Ojinaga, there are several 
recumbent folds, such as Cuchillo Parado and others. From there to the vicinity 
of Torreén, the folds continue southeast as large blocks surrounded by fill, similar 
to those already cited from Ciudad Juarez southward. 

With the Sierra of Mapimi, the continuity of the folds, half buried on the 
northeast, begins to appear and the northwest end of the sierra is intensely folded 
and faulted. Southwest of Ojuela there is an escarpment, called “‘Bufa of Mapimi,” 
formed by recumbent folds piled upon one another. West of Mapimtf is the Sierra 
del Rosario made of crowded folds recumbent toward the northeast. 

In the Sierra of Jimulco the folds turn from northwest-southeast toward the 
east, initiating the east-west zone of the Cordillera, having a steeper northern 
limb in many places vertical or recumbent. The Parras Sierra starts with a nappe 
toward the northwest and continues in a series of recumbent and fan folds, and 
ends with an anticline, recumbent toward the north, having a small syncline in 
the center. 

Between Saltillo and Monterrey, recumbent and fan folds turn from an east- 
west strike toward a northwest-southeast strike on the south, surrounding the 
Miquihuahua uplift, approach the Tamaulipas shelf in the valley of Nuevo 
Morelos, and continue with the Colmena, Aquism6n, and Xilitla sierras down to 
Tamazunchale. The Sierra of la Silla is part of these folds which, on the southeast, 
are eroded down to their roots, and are partly covered with volcanic rocks of 
Upper Tertiary age. They appear again in the Sierra of La Colmena. 

This Sierra starts with a complex anticline, recumbent toward the northeast, 
which turns into a nappe with a fault plane approaching a horizontal plane 
toward the south. In Micos the recumbency is outstanding, since there is an in- 
version of the stratigraphy toward the south. Between Jopoy and Agua Vieja an 
inverted series may be observed, and in La Pila another great recumbent fold is 
present. La Colmena Sierra continues southeast with the Aquismén Sierra, west 
of the village of that name, which represents the front of a typical nappe. Farther 
south the front is recumbent only, but its southwest limb shows indication of 
superimposed recumbent folds or nappes which have been greatly eroded, leaving 
their roots uncovered. The Aquismon Sierra continues with the Xilitla Sierra in 
whose front there is a slightly recumbent anticline; but at the west, and con- 
stituting the main part of the Sierra, is the Pefia of San Antonio, made up of 
Tamasopo reef facies, equivalent to the San Felipe formation, and resting con- 
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cordantly over the base of the Upper Cretaceous (Xilitla). These beds, in turn, 
rest discordantly over San Felipe normal beds with an almost horizontal fault 
plane contact. The Xilitla beds and the Middle Cretaceous in normal sequence 
are below the San Felipe; hence, la Pefia of San Antonio constitutes clearly a 
typical overthrust sheet or nappe. West of Tamazunchale, in Tacial, two thrust 
faults may be seen; the western one is of importance and above it rests a nappe of 
Jurassic beds, riding over Cretaceous beds. 

The section along the Pantepec River is somewhat similar to that of Tama- 
zunchale farther north; nevertheless, the Pantepec section shows older rock and 
therefore is more complete. It starts with a strong fold whose western limb is 
faulted in the vicinity of San Gregorio, but between Petlan and Trapiche the 
folds become exceedingly intense and constitute the front of a nappe. West of here 
is the great complex structure of Huehuetla where a nappe shows Lias beds 
(Huayacocotla formation), and still farther west is the zone of roots, that shows 
an imbricated structure in which the sediments alternate with thrust wedges 
made of gabbros, diorites, and granites. All have moved, as the nappes, toward 
the east and form the edge of the hinterland, represented in this case, by the 
western continent. 

Another section, at the southeast, is that of the Vinasco River where a Lias 
nappe overrides the Kimmeridgian. 

South of Almanza, small nappes show the influence of the Teziutlan massif 
that limits the Tampico embayment. Although the frontal folds appear to follow 
the margin of the massif, in reality the Cordillera geosynclinal folds pass west of 
the massif in close bundles, to continue southeast, and to form the west and south- 
west limits of the Veracruz basin. 

The nappes moved toward the east in this region, practically covering the fore- 
deep. The front of these folds has been observed between San Alejo and Atoyac, 
west of Tierra Blanca, west of Playa Vicente, Las Cruces, Tatahuicapdn, and 
Trinidad. Their axes, northwest of Tuxtepec, plunge southeast, and those south- 
east of this village plunge northwest. 

From the vicinity of Trinidad the front follows a wide curve, concave at the 
north, until it approaches the Jaltepec River and enters the state of Veracruz. It 
turns south from there in a closer curve, toward a point where the Juniapa River 
crosses the Isthmus Railroad, and from this point continues southeast to the 
Coatzacoalcos River, where it turns sharply north-northeast for 25 kilometers 
to the Chalchijapan River. It then follows an undulating line to a point on the 
Uzpanapa River 35 kilometers north of the border between the states of Veracruz 
and Oaxaca. Finally, it turns southeast and penetrates into Guatemala. 

The last section studied is located in Chiapas and starts in the Tres Picos hill 
on the north, continuing to a point near San Juan Chamula on the south. It be- 
gins with a fan fold, faulted on both flanks, that resembles a horst, then follows a 
small folded depression, limited at the south, near San Andres Chamula, by a fold 
recumbent toward the north. It continues with another double fold having an 
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inversion in the middle, the San Cristobal Mountains, and, after an important 
depression, the hinterland appears, made of crystalline rocks with a marginal belt 
of Upper Paleozoic which is the northern flank of the Chiapas massif. 


PARRAS FOREDEEP 


This basin is situated between the front of the geosynclinal folds and the 
Coahuila shelf, the southern end of El Burro-Picachos massif, and the northern 
end of the Tamaulipas shelf. However, it has been clearly recognized only in the 
depression that extends from Torreén to Saltillo. The Parras foredeep is crossed 
from east to west by a series of many folds, oriented from east-southeast to west- 
northwest, that have a steeper northern limb, and are generally recumbent 
toward the north. 

Toward the end of the Cretaceous, an enormous quantity of sand, derived 
from the erosion of the folds which were being formed in the geosyncline, was de- 
posited together with the calcareous muds which were being laid in the rapidly 
sinking foredeep. These constituted the characteristic coarse-grained deposits of 
flysch facies known as the Difunta formation. 


CHICONTEPEC FOREDEEP 


Between the Cordillera folds and the Tamaulipas shelf, in the depression from 
E] Abra Sierra and the Teziutlan massif, lies the Chicontepec foredeep where the 
Chicontepec flysch formation was deposited, more than 9,000 feet in thickness. 
The eastern margin is covered by younger Eocene formations, and is known only 
from well information. The western margin is eroded and strongly disturbed. The 
Chicontepec formation is incompetent as a whole, and small folds are common in 
it, although there are some folds of large dimensions. The anticlines are generally 
recumbent toward the east, and especially west and south of the basin are im- 
bricated structures and perhaps small nappes. 


TONTOYUCA BASIN 


This basin is in the western margin of the foreland (Tamaulipas shelf) and is 
restricted to a narrow belt from Tempoal to Poza Rica. Apparently the basal 
conglomerates were deposited only in small basins of sedimentation between the 
older anticlines. They are absent in the Metlaltoyuca and Tlacolula uplifts. In 
Tantoyuca these deposits of molasse facies are typically developed in enormous 
alluvial fans (fanglomerates). This formation is also strongly folded and im- 
bricated but on a much shorter front than the Chicontepec formation. South 
of Miahuapan the folding diminishes markedly, so that in Mecatepec no indica- 
tions of major structural disturbances appear. In the Tempoal area there is a 
similarly pronounced diminution of the intensity of folding. 


VERACRUZ FOREDEEP 


This foredeep is mainly covered by the front folds of the Cordillera and by 
the Miocene transgression. 
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CHIAPAS FOREDEEP 


The Chiapas foredeep has been observed in a narrow belt south of the saline 
basin. It is crossed by eight folds: Chalchijapan, Solosuchil, La Piedra, Maguey, 
Rio Juanes, Enmedio, Rio Uzpanapa, and Las Limas-Cerro Nanchital, all striking 
northwest-southeast. From this point eastward it expands to nearly four times 
the width of its western end, and continues southeast into southern Peten, Guate- 
mala. The flysch facies is represented by the Candelaria and Chinal shales, and 
the molasse facies by conglomerates along the frontal folds. The latter facies at- 
tains its greatest development between the Mezcalapa River and the Tehuan- 
tepec Railroad, and persists into the lower Oligocene. 
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MEXICAN OIL FIELDS! 


ANTONIO GARCIA ROJAS? 
Mexico, D. F. 
ABSTRACT 


This paper has been prepared to show the general distribution of the oil fields in Mexico, their 
production to date, and the probable reserves expected from the known fields. 

The most important prospective areas for the discovery of new oil fields in Mexico are in the 
Coastal Plain of the Gulf of Mexico. 

Mexico’s oil production comes from three main provinces that can be arranged in the following 
order according to the amount of oil produced and their importance to the development of the oil 
industry in Mexico. : 

1. Tampico-T axpan oil fields 

2. Isthmus oil fields 

3. Northeastern Mexico 

To December 31, 1947, the Tampico-Ttixpan oil fields produced 2,171 million barrels, which 
amounts to 94 per cent of the total cumulative production. The Isthmus area, second in importance, 
has produced 148 million barrels, which accounts for the remaining 6 per cent. Northeastern Mexico 
has not produced any commercial oil so far, but some gas fields have been developed there and 
Petréleos Mexicanos has recently brought in the first two commercial oil wells discovered in that area. 
These oil wells will be put in production as soon as transportation facilities are developed. 


INTRODUCTION 


All oil development in Mexico has taken place on the Coastal Plain of the 
Gulf of Mexico (Fig. 1). The most intense work has been carried on around the 
oil fields and there remains a large prospective area in which exploration is being 
carried forward continuously. The shaded area in Figure 1 shows the best pro- 
spective oil territory. There are several other small sedimentary basins which are 
not indicated but these are considered to be of minor importance. 


I. TAMPICO-TUXPAN OIL FIELDS 


Three different oil-producing zones have been discovered in the Tampico- 
Tuxpan embayment: the Ebano-Panuco, the Golden Lane, and the Poza Rica 
districts. All important production from these zones comes from the Cretaceous 
limestone which shows a wide variation in facies from the basal Tamaulipas, pro- 
ducing in the Ebano-Panuco fields, to the coraliferous El Abra which produces in 
the Golden Lane. Some oil has been obtained from Tertiary sands, but the total 
amount is only about o.1 per cent of the production in the Tampico area (Fig. 2). 


EBANO-PANUCO DISTRICT 


The Ebano-Panuco oil fields represent a group of pools on the plunging south- 
ern prolongation of the Sierra de Tamaulipas, a mountain structure, trending 


1 Read before the South Texas Section of the Association, Mexico City, October 19, 1948. Manu- 
script received, December 27, 1948. 
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Petréleos Mexicanos, Ing. José Colomo, and the director of exploration; Ing. Manuel Rodriguez 
Aguilar, for their permission to publish the statistical information of this paper and to Jesus Basurto 
and Honorato de Castro for their help in preparing maps and tables. 
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almost north and south, the core of which is formed by the Tamaulipas limestone 


(Fig. 3). 
In the southern part of the state of Tamaulipas and in northern Veracruz and 
San Luis Potosi, the Tamaulipas limestone is buried below the surface and some 


MAP SHOWING THE LOCATION 
OF THE MEXICAN OIL FIELDS 


@ — oil Fields 
Q — Sedimentary Basins 


Fic. 1 


secondary folds are observed in which the most prolific oil pools of the Ebano- 
Panuco area have been discovered. 
The sequence of the formations in the Ebano-Panuco oil fields follows. 


Oligocene Mesén 


Eocene Aragon 
Velasco 


Cretaceous Méndez 
San Felipe 
Tamaulipas 


Jurassic Pimienta 
Taman 
Huizachal 


All production irom the Ebano-Panuco oil fields comes from the Tamaulipas 
and San Felipe limestone, both Middle Cretaceous in age. The Tamaulipas is 
found at total depths varying from 525 meters at eastern Cacalilao to the maxi- 
mum depth of 880 meters at Quebracha. 
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The rocks are very fine-grained and compact and show definitely a very low 
porosity. The accumulation in this area is due to induced porosity. The induced 
porosity consists of openings in the Cretaceous rocks due to faulting and fractur- 
ing. In most places, the limestone has suffered only a very small-displacement due 
to faulting, but the rocks are considerably shattered. ‘ 

In some localities the producing wells fall into definite fractures which re- 
semble a mineral vein cut by the different wells. As a result of this, a well produc- 
ing from a certain formation may be only a few hundred meters away from either 
a dry hole or a well producing from a different formation cut by the same fracture 


but at a different depth. 


TABLE I 


SUMMARY OF DRILLING AND PRODUCTION OF THE 
ExBANo-PANuco O11 FIeELps 


ses WELLS DRILLED THOUSANDS OF BARRELS 

EBANO-CHAPACAO 1901 400 248 139 097 136, 128 2969 
PANUCO 1910 733 564 344 668 319 , 495 25173 
TOPILA 1908 164 153 32152 31, 619 533 
EL BARCO-CARACOL.| 1911 123 104 12527 11, 216 1311 
CACALILAO. i922 867 44a 276 940 264, 784 12 156 
LIMON i922 54 45 7085 6,178 907 
CORCOVADO 1909 86 20523 19, 664 859 
ALTAMIRA 1907 158 20 6676 4,552 2124 
OTHER FIELDS -- 55 -- -- -- -- 

TOTALS 2765 1664 839 668 _793 ,636 46 032 


NOTE: Doto. compieted as to Dec. 31,1947 


Most fracturing is found on the flanks of the structures. However, salt water 
generally follows the contours of the Tamaulipas limestone and it is advantageous 
to have the wells high on the structure. 

As a result of accumulation conditions, out of a total of 4,374 wells in the 
district only 1,664 (38 per cent) have been commercial producers. 

The oil from this district is very heavy (12.8° Beaumé) and some wells have 
been difficult to put into production due to the very heavy oil, which does not 
flow through the lines. The wells flow by water and gas drive and no difficult pro- 
duction or drilling problem is presented. 

As local conditions are such that the district can not be divided according to 
structures, the information for the Ebano-Panuco district has been divided into 
eight fields, which are named according to the most prominent hacienda. The 
summary of drilling data, production, and reserves is given in Table I. It can easily 
be observed that the evaluation of reserves under the Ebano-Panuco district is 
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rather difficult and the figures quoted are conservative and could be increased 
materially if some new fracture zone, with important production, is found. Since 
1922 no important pools have been discovered in that district; however, many 
small producers have been drilled. 


GOLDEN LANE DISTRICT 


The Golden Lane oil district (Fig. 2) extends from about 70-145 kilometers 
south of Tampico (from the Tamiahua Lagoon to the Tuxpan River) along a 
very narrow belt, convex toward the west, with a total productive length of 85 
kilometers and with an average width of about one kilometer. 

As a whole the Golden Lane fields fall along the crest of a coral reef which has 
a very steep flank toward the west (probably faulted) with a dip of the order of 
30°, and a gentle east flank dipping approximately 2°. Various geological explana- 
tions of the ridge have been postulated but most of the geologists consider the 
ridge as a tectonic element, either a fold or the faulted boundary of a continental 
block on which the coral life found favorable conditions for its development. The 
different culminations along the Golden Lane are divided by structural and 
erosional depressions, saddles and/or possible faults. The records of the early 
wells show that some saddles, now invaded by salt water, were filled with oil at 
the beginning of the exploitation and that due to the intensive production of the 
area there remain only a few high spots in which oil is found. 

The reflection of the ridge by surface geology is generally poor and the loca- 
tions of the first producers were based on proximity to the oil seepages in the 
area. At a later stage, well information was the basis for development of the fields 
in the district. 

There is evidence based on data obtained from the drilling that at some time 
parts of the ridge were exposed above the sea and that considerable erosion took 
place. 

The sequence of the formations follows. 

Oligocene Mesén 


Alazan 
Palma Real 


Eocene Chapopote 
Guayabal 
Aragén 


Cretaceous San Felipe 
Tamaulipas (El Abra facies) 


There is no uniform geological section along the ridge, and in very broad terms 
the stratigraphy along the axis can be summarized as follows. 

In the area south from Tamiahua Lagoon to North Amatlan, the wells start 
in the Mesén and the Palma Real rests directly on the El Abra limestone, very 
thin Chapopote and San Felipe being present in some places. 

From North Amatlan to Toteco the wells start in the Alazan and as the 
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Oligocene thins, the Chapopote and Guayabal are present. At Southern Zaca- 
mixtle the first Arag6n appears. 

From Toteco to Alamo the wells start in the Chapopote and very thin Velasco 
and San Felipe are normally found before reaching the El Abra limestone. 

At Alamo the Eocene becomes thinner and the Oligocene starts thickening. 
From Alamo to the southeastern end of the Golden Lane the wells start again in 
Oligocene formations and the Eocene becomes very thin at San Isidro where the 
last producing wells are found. 

The Tamaulipas limestone (El Abra facies) forms the oil reservoir rock, which 
is of a highly porous coraliferous limestone, with very high ‘permeability. The 
producing depth varies from a total depth of 500 meters at Cerro Azul to 800 


TABLE II 


SUMMARY OF DRILLING AND PropuctTIoNn DATA OF 
THE GOLDEN LANE FIELDS 


WELLS DRILLED. THOUSANDS OF BARRELS. 

FIELD. ory. |prooucers.| TOTAL ESTIMATED 

: ‘| capacity. PRODUCTION. | RESERVE. 

SAN DIEGO CHICONCILLO. | 1907 67 2i 10 310 9 401 909 
TEPETATE-N-CHINAMPA. | 1909 38 38 147559 144619 2940 
S-CHINAMPA-N-AMATLAN. | 1913 28 75 210 051 206 687 3364 
$-AMATLAN. 1920 88 98 108 360 104077 4 283 
ZACAMIXTLE. 1920 20 30 15638 14933 645 
TOTECO-CERRO-AZUL. 1913 71 74 317 585 310 265 7 320 
ALAZAN. 1912 18 7 11140 9033 2107 
POTRERO-HORCONES. 1910 7 15 ‘107 967 107 191 776 
CERRO VIEJO. 1921 27 23 18 735 18579 156 
T.BLANCA — CHAPOPOTE. | 1921 40 59 913n 88 701 2610 
ALAMO-S.ISIDRO. 1913 83 85 64 942 1 266 
JUAN FELIPE-MORALILLO. 1922 6 7 2339 2209 130 
TIERRA AMARILLA. 1911 10 13 1319 1258 6! 
TOTALS 503 545 1 107 256 1080 669 26 587 


NOTE: Dota completed as to Dec. 3, 1947. 


meters at San Isidro. The limestone depth at the Tamfahua Lagoon is 750 
meters. 

In the Golden Lane district some highly impressive gushers have been 
found and three wells are on record: Huasteca’s Casiano No. 7 and Cerro Azul 
No. 4, and Aguila’s Potrero del Llano No. 4, each of which gave production of 
more than 7o million barrels, with initial productions of the order of 100,000 
barrels per day. 

The very high average production of the wells and the huge production of the 
whole field made the Golden Lane district the most important of Mexico to 1933. 

There is little possibility of developing new important reserves within the 
tested area of the district; however, there are possibilities of developing new pools 
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on the water-covered area of the Tamiahua Lagoon and possibly some small pools 
on the southern plunging end of the ridge, southeast of Alamo. 

The drilling and production data for these fields are summarized in Table II. 
All fields listed in this table, except Tierra Amarilla, are along the Ridge. 


POZA RICA DISTRICT 


The Poza Rica district is 160 kilometers south of Tampico and 35 kilometers 
west of the Gulf of Mexico. The only important development in that area has 
been that of the Poza Rica oil field, which is the most important single pool in 
Mexico, and the leading producing field since about 1935. 

The first development in the Poza Rica district took place at Furbero, where 
the first oil well began producing in 1907, from Tertiary formations which had been 


TABLE III 


SUMMARY OF DRILLING AND PRopUCTION DATA OF 
THE Poza Rica District 


WELLS DRILLED. THOUSANDS OF BARRELS. 
FIELD. pen TOTAL ESTIMATE 
ORY. {PRODUCERS! capacity. PRODUCTION. | RESERVE 
POZA RICA. 1930 4 8! 1 200 000 294508 905 492 
MECATEPEC. 1928 3 4 * 760 ¥ 
FURBERO-PALMA SOLA| 1907 28 18 2 281 2 281 --- 
TOTALS. ) 103 1 202 281 297549 905492 


NOTES: 
# Included in Pozo Rico reserves. 
Dota completed up to Dec. 31, 1947 
Reserves bosed on report of the Comisidn Pericial Técnico 
Industrial — Comercial . 


metamorphosed by igneous intrusions. The producing total depth varies from 
465 to 586 meters. 

Later, some oil was produced at Mecatepec (west of Poza Rica), from a con- 
glomerate found at the Upper Chicontepec-Guayabal contact, at total depths 
varying from 725 to 740 meters. The first really important discovery was made 
in 1930 when the Poza Rica well No. 2 was completed. 

This field was the first geophysical discovery in Mexico, based on a torsion- 
balance survey. The structure is an anticlinal fold which is very weakly expressed 
by the surface geology. 

The geological column at Poza Rica follows. 

Oligocene Coatzintla 


Palma Real 
Horcones 


Eocene Tantoyuca 
Guayabal 
Chicontepec 
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Cretaceous Méndez 
San Felipe 
Tamabra 
Jurassic Pimienta (Portlandian) 


Taman (Kimmeridgian) 
Huizachal (Oxfordian) 


Liassic Huayacocotla 
Basement 


The main producing formation in Poza Rica is the Tamabra limestone, which 
is found at a depth of 2,200 meters, and is highly porous. The thickness of the 
producing beds varies along the field from a very thin edge to 200 meters. 

A very small amount of oil has been obtained from Tertiary sands, but the 
total, compared with the Tamabra production, is negligible. 

The Poza Rica field is still under development and therefore the reserves, as 
quoted in Table III, are bound to increase. 


2. ISTHMUS OIL FIELDS 


The second important oil province in Mexico is that of the Isthmus, which is 
located in the southernmost part of the Gulf of Mexico and which has produced, 
to December, 1947, a total of 148 millions of barrels of oil (Fig. 4). 

This province represents the western part of the prospective area of southern 
Mexico in which a thick sedimentary section is found. An intensive exploration 
program is being carried on in this area. 

The development of the whole area has been handicapped because of the rela- 
tively difficult access due to lack of continuous communication systems, and to 
the fact that a large part of the area is covered by Recent material which obscures 
the geological conditions. Petréleos Mexicanos is carrying an intensive explora- 
tion program and starting wildcat drilling, which is expected to increase mate- 
rially the knowledge of the geological conditions of the area and may lead to the 
discovery of new oil fields. 

The western part, in which the Isthmus fields are located, is confined to the 
area between the Coatzacoalcos and Tonala rivers, which is more accessible and 
where surface geological work can be done. Most oil-field development in that 
area is credited to surface geology and to a lesser extent to geophysical work. 

The oil development in the Isthmus area began at the beginning of this cen- 
tury, and some small fields were discovered during the first exploration campaign. 
However, the first important pool was found in Filisola in 1923. 

The structures in the Isthmus are governed by salt intrusions. Some of the 
salt masses are very great in extent and are close to the surface. In general, the 
higher points can be easily located from surface geology and in those places the 
early drilling resulted in small production either from sands or from the cap rock. 

Some moderately deep salt domes have been found, and the most prolific 
pools of the area are found close to them, in flexures which seem to have been in- 
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fluenced to a considerable extent by the salt piercement. Detailed surface geology 
work will in general, give the necessary information to locate the higher positions 
of the sedimentary layers. 
The generalized geological section for the Isthmus oil fields. follows. 
Recent Alluvial deposits 
Miocene Cedral 
Agueguexquite 
Paraje Solo 
Filisola 
Concepcié6n 
Encanto 


Oligocene Depésito 
La Laja 
All important production has come from the Miocene sands in the Cedral, 


Paraje Solo, Concepcién, and Encanto formations. 
The general data of the oil fields in the Isthmus area are shown in Table IV, 


TABLE IV 
GENERAL Data ABOUT THE IstHMUS FIELDS 


TYPE OF PRODUCING PRODUCING] PRESENT 
= STRUCTURE FORMATIONS DEPTHS.M.| STATUS. 
SAN CRISTOBAL | SHALLOW SALT DOME. | CAP ROCK 40-130 | ABANDONED. 
CONCEPCION SHALLOW SALT DOME. | CAP ROCK AND SANDS| 40-60 | ABANDONED. 
SOLEDAD SHALLOW SALT DOME. | CAP ROCK AND SANDS.| 65-200 | ABANDONED. 
TECUANAPA SHALLOW SALT DOME. | CAP ROCK. 60-140 | ABANDONED. 
NUEVO TEAPA | SHALLOW SALT DOME. | ENCANTO. 100-240 | PRODUCING. 
IXHUATLAN SHALLOW SALT DOME. | ENCANTO. 120-340 | ABANDONED. 
FORMATIONS HAVING 
CLOSURE IN CRESCENT 
RIDGES. 
LOWER CONCEPCION. | 329-614 
MEDIUM DEPTH SALT 
ENCANTO. 476-654 
LOWER CONCEPCION. | 660-775 
EL BURRO PRODUCING. 
> ENCANTO. 679-919 
CEDRAL. 414-538 
MEDIUM DEPTH SALT LIGNITICO. 451-913 
EL PLAN DOME. CONCEPCION 1731-1892{| PROOUCING. 
ENCANTO. 1642-2113 
CUICHAPA FAULTED NOSE. ENCANTO. 622-948 | PRODUCING. 


All the oil fields producing at present have been discovered since 1923, and 
both Cuichapa and El Plan are still under development. 

Recently, two more salt domes have been found and proved east of the pro- 
ducing areas (La Venta and Zanapa). They are still under exploration. 

The summary of drilling and production data for the producing oil fields is 
shown in Table V. The estimated reserves are conservative and will possibly in- 
crease as a result of the development of Cuichapa and El Plan. 
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TABLE 


Vv 


SUMMARY OF DRILLING AND PropucTion DaTa 
FOR THE IstHMus FIELDS 


ve WELLS DRILLED THOUSANDS OF BARRELS. 
FIELD YEAR TOTAL PROVED 

RODUCERS) capacity PRODUCTION. | RESERVE. 
FILISOLA 1923 29 69 21969 21090 879 
TONALA 1928 4 64 48 851 45315 3536 

EL BURRO 1931 3 38 21 434 + 16 623 46 
EL PLAN. 1931 13 68 88 465 61 968 26 497 
CUICHAPA 1935 4 16 7 194 6 376 
TOTALS 53 275 187 913 146 014 41.899 


NOTE. Date completed os to Dee. 31, 1947. 
Abondoned fields have produced a total of 2.140,000 barrels 


The northeastern part of Mexico, directly south of the Southwest Texas dis- 
trict, has no commercial production of oil so far; however, that area represents a 
very promising ground for the developing of oil and gas fields and Petrdéleos 
Mexicanos is carrying on there an intensive exploration program, which has been 
the basis for discovering of the Reynosa oil field and the Misién and Valadeces 


3. NORTHEASTERN MEXICO 


gas and distillate fields (Fig. 5). 


Although the writer believes that a production as prolific as that of Southwest 
Texas can be expected, the development of this district is not advanced to the 
point of estimating the reserves of the known field, and the data given are only 


of a general nature. 


The geology of the area is similar to that of Texas adjoining it, and the same 


geological column is penetrated by the wells. 


TABLE 


VI 


GENERAL Data ABOUT NORTHEASTERN MEXICO 
AND GaAs FIELDs 


HE OF | | | enesexr | 
CARLOS CANTU ANTICLINE GAS COOK MOUNTAIN} 600 m.| ABANDONED 
ZACATE ANTICLINE GAS JACKSON 1180 m.| ABANDONED 
LAJITAS ANTICLINE GAS QUEEN CITY 450 m.| PRODUCTIVE 
LA PRESA ANTICLINE GAS MOUNT SELMAN 450 m | PRODUCTIVE 
RANCHERIAS ANTICLINE GAS \JACKSON-YEGUA 375 m.| PRODUCTIVE 
LAREDO DOME GAS QUEEN CITY 208 m | PRODUCTIVE 
CAMARGO DOME Gas VICKSBURG 66! m.| PRODUCTIVE 
VALADECES ANTICLINE GAS AND | JACKSON 1825 m.| PRODUCTIVE 

DISTILLATE 
MISION FAULTEO GAS AND | VICKSBURG 1650 PRODUCTIVE 
NOSE OISTILLATE oe 1800 m 

REYNOSA ANTICLINE ey PROOUCTIVE 
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The general information for the fields in that area is given in Table VI. 

Some gas has been produced in northeastern Mexico. The figures shown in 
Table VII are the only available data as some of the gas fields are operated by 
private companies and no information is known to the writer about their esti- 


mated reserves. 


TABLE VII 


SUMMARY OF DRILLING AND PropuctTion Data AVAIL- 
ABLE ABoutT NorTHEAST Mexico GAs FIELDS 


WELLS MILLIONS OF CUBIC FEET 
FIELOS 
YEAR TOTAL | CUMULATIVE | ESTIMATED 
ORV | PROD | capacity | PRODUCTION | RESERVE 
LA PRESA (aLBeRca) | 1931 | NO DATA | NO DATA 
RANCHERIAS 1933 | 100 000 14 392 85 608 
LaviTas 1934 |NooaTa! 7 NO DATA 17 344 NO DATA 
LAREDO 1937 2 2 1 000 4 996 
MISION 1945 4 54 000 2 226 51774 
CAMARGO 1947 3 2 
REYNOSA 19486 ° 3 Under Development 
VALADECES 1948 ' 
TOTALS 29 35 625 


NOTE: Production and reserves dato completed as to Dec 31-1947 


4. OTHER FIELDS 


FIELD UNDER DEVELOPMENT 


The fields that have been mentioned are those of prime importance in the 
development of the oil industry in Mexico, and are those that have had important 
production. 

During 1947 and 1948 some new fields have been found which might eventu- 
ally become an important source of oil. The capacity of these fields can not be 
estimated until further drilling is done. 

These fields are distributed as follows. 


a. 


Tampico embayment 
Moralillo field. Discovered, February, 1948. Producing from E] Abra limestone at total depth of 


1,612 meters. There are 4 producing wells giving 1,000 barrels per day in total. (Some shallow 
production had been obtained before in other wells from Tertiary sands.) 


. Isthmus area 


Acalapa field. Discovered, July, 1947. Producing from Encanto sands at total depth of 663 
meters. There are 3 producing wells giving 600 barrels per day in total. 


. Sarlat field. Discovered, March, 1948. Producing from Lower Amate sands at total depth of 


1,202 meters. There is one well which gave initial production of 700,000 cubic feet of gas and 
20 barrels of distillate in 24 hours. 


. Northeast Mexico 


Valadeces field. Discovered, August, 1948. Producing from Jackson sands at total depth of 
1,825 meters. Only one producing well, which gave initial production of 1,500,000 cubic feet of 
gas and 50 barrels of distillate. 


. Camargo field. 


Discovered, June, 1947. Has 2 gas wells producing at total depth of 661 meters and 707 meters 
from Vicksburg formation. Estimated criiy capacity: 1,000,000 cubic feet of gas. 


. Reynosa field. 


Discovered, June, 1948. Has 3 producing wells at total depths of 1,405 and 2,155 meters. 

Estimated daily capacity of first two wells: 1,000 barrels per day. First important oil discovery 

= Northeast Mexico. Field will be put in production as soon as transport facilities are availa- 
le. 
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VARIOUS FIELDS 


SUMMARY 


TABLE VIII 


SUMMARY OF THE O1t PRODUCED AND PROVED O1L 
RESERVES OF MEXICO 


There have been some fields which have been under exploitation for some time 
and are either exhausted or have been non-commercial. The total capacity of 
these fields based on available production reports, is as follows.. 


a. Tampico-T axpan area. 
Various fields. Total oil produced: 2,782,000 barrels. 
b. Isthmus area. 
Various fields. Total oil produced: 2,140,000 barrels. 
Total various fields: 4,922,000 barrels 
Percentage of the total amount of oil produced in Mexico: 0.2 per cent. 


The summary of the production of the Mexican oil fields and the proved 
reserves is given in Table VIII. 


TOTAL CAPACITY. 


OlL PRODUCED 


ESTIMATED 


DISTRICT. ESTIMATED 
BARRELS. BARRELS. RESERVE. 
EBANO-PANUCO. 839 665 076 793 632 220 46 032 656 
GOLDEN LANE. 1 107 258 033 1 080 669 968 26568 065 
POZA RICA § 200 000 000 294 507 656 905 492 344 
ISTHMUS FIELOS. 187913 564 146 O14 319 418699 265 
MEXICO. 1000 000 1000 000 
VARIOUS FIELOS 

TAMPICO— TUXPAN. 4078 724 4076 724 
ISTHMUS TABASCO 3 694 125 3694 125 

TOTALS 3 343609 542 2 322597 O12 


1021 O12 530 


NOTE: Dota completed os to Dec. 31, 1947 


The total reserves are conservative as there are some fields still under develop- 
ment, for example, the Moralillo, Acalapa, and Reynosa fields, and there are 
possibilities of discovering new pools in the proved territories (as in the Ebano- 
Panuco area). 
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NEW PETROLEUM DEVELOPMENT BY PETROLEOS 
MEXICANOS IN NORTHEASTERN MEXICO! 


EDUARDO J. GUZMAN? 
Reynosa, Tamaulipas 


ABSTRACT 


A brief outline is given of the geological, geophysical, and drilling explorations carried on by 
Petréleos Mexicanos in northeastern Mexico. The area under consideration is stratigraphically and 
structurally part of the geologic province commonly designated as the Coastal Plain or Gulf Coast of 
Texas and Louisiana. 

Brief lithologic description of the formations as found in the subsurface are given, as well as the 
criteria used to identify and correlate these formations. No attempt is made, however, to resolve 
controversies on age and correlation. 

The Jackson is the oldest formation reached by wells in the area. Commercial production, either 
oil or gas, has been established in the Jackson, Vicksburg, and Frio formations. The Anahuac forma- 
tion with its three faunal zones has been identified in the downdip wells. The name Fleming is used to 
comprise the undifferentiated Miocene formations which overlie the Anahuac. 

Within, and adjacent to, the Reynosa area, approximately 20 closed structures have been 
mapped by seismic exploration. Of these, Petrdleos Mexicanos has drilled 6 and is at present drilling 
2 more. All the structures drilled are anticlines but the production is closely related to stratigraphic 
changes in permeability and thickness of the sands. 

Since the beginning of drilling operations in 1944, Petréleos Mexicanos has drilled 19 wells, re- 
sulting in the discovery of 3 gas fields and one oil field. Two wildcats being drilled at present have 
already established commercial gas production and one possible oil sand. 


INTRODUCTION 


In the last 10 years Petréleos Mexicanos, in short known as Pemex, chief 
operator of the Mexican oil industry, has done a substantial amount of explora- 
tory and development work in the Tertiary basin of northeastern Mexico. 

This basin is structurally and stratigraphically a part of the geological prov- 
ince commonly designated as the Coastal Plain or Gulf Coast of Texas, Louisi- 
ana, and Mexico; more specifically it forms the southern part of what is known as 
the Rio Grande geosyncline or Rio Grande embayment. 

The present paper covers mainly the geological aspects of the exploratory 
drilling done by Pemex in that part of the basin recently designated as the 
Reynosa area or Reynosa district. Geographically this Reynosa area includes the 
belt adjacent to the Rio Grande, extending from Camargo City (immediately 


1 Read before the South Texas Section of the Association, Mexico City, October 19, 1948. Manu 
script received, December 27, 1948. 


2 Subsurface geologist, Petrédleos Mexicanos, Monterrey district. The writer is indebted to Manuel 
Rodriguez Aguilar, head of the exploration department, and to the directors of Petréleos Mexicanos 
for their permission to use much information from the confidential files of the company without which 
this paper could not have been written; to Guillermo P. Salas and Raul Perez Fernandez for their 
helpful suggestions and assistance; to Marco A. Peja for his assistance in micropaleontology; and to 
the drafting section of the exploration department in Monterrey. 

Helpful suggestions and infcrmation were given the writer by L. C. Smith and other members of 
the geological department of the Sun Oil Company (Valley district, McAllen, Texas). 

Credit is due to all men who have contributed in the exploration and development of the area. 

The writer is especially grateful to C. R. Nichols, who devoted much of his time to reading and 
criticizing the manuscript, giving the writer valuable suggestions and much aid in the preparation of 


the paper. 
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south of Rio Grande City, Texas) on the west to the Gulf Coast on the east and 
20-30 miles south of the river (Fig. 1). 

This is where most of the drilling in search of oil or gas in northeastern Mexico 
has been done by Pemex. This paper is a first attempt to present the subsurface 
geological knowledge obtained from these wells. 

The age, correlation, and general stratigraphy of the formations of this area, 
for a long time have been, and still are, matters of controversy among geologists. 
This paper is by no means an attempt to resolve these controversies. The strati- 
graphic terminology and the criteria, used to differentiate the formations, are in 
general the same as used by the oil companies in southernmost Texas. They are 
generally satisfactory for identification and commercial purposes, although ques- 
tions of precise age or correlation may still be in controversy. Detailed subsurface 
paleontological work will undoubtedly throw more light on these problems in the 
future. 

HISTORY OF EXPLORATION AND DEVELOPMENT 


Prior to March 18, 1938, various oil companies investigated this area, using 
surface geology, gravity meter, and seismology. 

In the whole northeastern Tertiary basin, 56 exploratory and development 
wells were drilled by different companies, these being mainly the following. 

Huasteca Petroleum Company and allied companies (Standard Oil of New Jersey) 
Sinclair Petroleum Company and allied companies 

Ohio Mexico Petroleum Corporation 

Mexican Gulf Oil Company 

Petromex 

Mujiioz y Martinez 

Marland Petroleum Company 

Only three structures were found with commercial gas production, namely, 
Rancherias, La Presa, and an extension of La Presa which is generally called the 
Chilpitin structure. 

In the Reynosa area, or that area east of the Eocene-Oligocene contact and 
adjacent to the Rio Grande, only seven wells were drilled, most of them desig- 
nated as the Rio Bravo wells. These were drilled by the Mercedes Petroleum 
Company (Standard Oil of New Jersey), Charro Petroleum Company (Sinclair) 
and Titania Petroleum Company (Standard Oil of New Jersey). None of the 
wells drilled in the Reynosa area established commercial production, although 
several of them found good oil and gas showings, particularly in the Vicksburg- 
Frio section. 

After the expropriation (March 18, 1938), Pemex (Petrédleos Mexicanos) 
carried on limited surface geological exploration, detailing some structures that 
are reflected in the Eocene outcrops adjacent on the west to the Reynosa area as 
herein defined. 

In the Reynosa area, the area within which the Oligocene, Miocene, and 
younger formation crop out, no structures are known to be reflected by the sur- 
face beds, at least to a degree sufficient to warrant conclusions about the struc- 
tural attitude of the deeper beds. 
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In November, 1942, gravity-meter reconnaissance exploration was started by 
Pemex. These operations have been carried on continuously to the present day, 
covering northeastern Mexico, eastward from the Eocene-Oligocene contact to 
the Gulf Coast and from the Rio Grande on the north to the Rio Soto la Marina 
on the south, an area of approximately 13,700 square miles. 

Based partly on the gravity anomalies and old seismic work, reflection-seismic 
operations were started in March, 1944, with one crew contracted from the 
Geophysical Service, Inc., of Dallas, Texas. At present there are four seismic 
crews working in northeastern Mexico, two of them, G.S.I. and two Westby 
Geophysical Corporation (a subsidiary of Seismograph Service Corporation of 
Tulsa, Oklahoma). These crews have explored an area adjacent to the Rio Grande 
extending from Camargo on the west to the mouth of the Rio Grande on the east, 
reaching an average of about 25 miles on the south. The area covered is approxi- 
mately 2,200 square miles. 

Drilling operations started with the Misién well No. 1, spudded on April 23, 
1944. This well was drilled on the Misién structure, the extension into Mexico of 
what is known as the Pefiitas structure in Texas. The well was located on the 
basis of detailed subsurface work in the adjacent area north of the Rio Grande, 
where gas and oil production had already been established (Sam Fordyce- 
Pefiitas area). 

This first well drilled by Pemex in northeastern Mexico, in addition to being a 
gas and distillate producer, holds a curious record of being the deepest weil drilled 
by using wood for fuel. 

Since beginning operations, Pemex has drilled 19 wells—6 wildcats and 13 
field wells and semi-wildcats—in the Reynosa area. Of the 6 wildcats, 4 resulted 
in the discovery of fields (3 gas producers and one oil producer which also estab- 
lished gas production in additional sands). Two were dry holes. Of the 13 field 
wells and semi-wildcats, 5 were productive (4 gas producers and one oil producer) 
and 8 were dry holes (Table I). 

At present, Pemex is drilling 4 additional wells: 2 wildcats and 2 field wells. 
These 2 wildcats have already established commercial gas production and one 
possible oil sand. 

STRATIGRAPHY 


We are here concerned with that part of the geologic column which has been 
encountered so far in the wells drilled in the Reynosa area. The objective of this 
discussion is to present the stratigraphic data obtained from these wells within 
the framework of general stratigraphic terminology commonly understood (al- 
though in some cases the subject of controversy) by geologists familiar with the 
area adjacent on the north in southwest Texas. 


JACKSON (UPPER EOCENE) 


The Jackson is the oldest formation which has been reached in wells in the 
Reynosa area, and in these wells only in the western part. Six Pemex wells have 
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been drilled into this formation (Camargo No. 4, Camargo No. 6, Misién No. 10, 
Misién No. 11, Valadeces No. 1, and Norias No. 1). Each has explored part of the 
Textularia hockleyensis zone, but none has reached Textularia dibollensis. 

Identification of the contact of the Jackson with the overlying formation 
(Vicksburg-Oligocene) has been controversial. Some paleontologists consider the 
upper range limit of Discorbis jacksonensis as the Jackson-Vicksburg contact. 
Others consider the upper range limit of Marginulina cocoaensis as the boundary. 
Petroleos Mexicanos has been using the latter view, that is, the first appearance 
in a well of the Marginulina cocoaensis is accepted as the top of the Jackson. 

Two faunal zones have been recognized in the wells: The Marginulina 
cocoaensis zone or upper Jackson and the Textularia hockleyensis zone or middle 


Jackson. 
The six wells mentioned have been drilled through the following Jackson 
sections. 
THICKNESS DRILLED IN JACKSON FAUNAL ZONES 
(Feet to total depth in each well) 


Zone a i Camargo 4 Camargo 6 Misién 10 Mision 11 Valadeces r | Norias r 
Marginulina 2,510-2,871 2,411-2,739 448-8, 432 5, 250-6, 483 3248473822 
cocoaensis | Thick. 361 Thick. 328 athtck. 984 Thick. 1 9224 None present Thick. 338 
Textularia 2,871-3,596 739-4,403 8,432-0,137 6, 483-6, 821 5,758-6,228 3,822-5, 265 
hockleyensis Thick’ | Thick. 1,664 | Thick 70s Thick. 338 | Thick. 


The Jackson downdip section, as far as it has been explored by these wells, 
consists mainly of dark gray and greenish gray, marine shales with thin streaks 
of sandy shale. This description is based on well cuttings and electrical logs, since 
this formation has not been cored in any of these wells. 

Only one sand body of commercial importance has been found, this being in 
the Valadeces well No. 1 at 5,974 feet. It is a high-pressure, gas and distillate 
productive sand, 23 feet thick. The well almost blew out when this sand was being 
drilled. No cores were taken. From the cuttings the sand is described as gray, fine- 
grained, hard, consolidated sand. The well has recently been completed as a gas 
and distillate producer in this sand. Not enough information has been obtained 
to evaluate the importance of the production. 

In the Camargo well No. 6, 1,664 feet of the Textularia hockleyensis zone was 
penetrated. No sands were encountered. 

In Norias No. 1, about 18 miles S. 10° E. of Camargo field, the penetration of 
the Textularia hockleyensis zone was 1,443 feet. No sands were found. 

In Mexico there is no production from the Jackson nearer the Valadeces No. 1 
than the gas production at the Rancherias structure west of Camargo City. 

From these well sections it can be seen that the upper Jackson thickens 
markedly toward the east, downdip. While at the Camargo structure the Mar- 
ginulina cocoaensis zone has an average thickness of 345 feet, an average of 1,104 
feet was found in the Misién wells. The thickness of this zone at Misién is prob- 
ably even greater, since Misién No. 11 crossed a fault or faults (probable southern 
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extension of Sam Fordyce and La Joya faults) and the Jackson encountered was 
on the upthrown (west) side of the fault where it is probably thinner than in the 
downthrown (east) side of it. Such a relative thickening of formations on the 
downthrown side of these faults has certainly been established as a common 
characteristic for the younger beds in the adjacent area on the American side of 
the Rio Grande, and there is some reason to believe that such will also be the case 
for the Jackson. 

As Mision No. to is located on the crest of the anticline, it may have a com- 
paratively thin section, since the structural deformation of the beds in general is 
greater with depth, and a greater thickness of formations is expected on the 
flanks of the structure. 

Valadeces No. 1 seems to have crossed a fault and this part of the Jackson 
section (Marginulina cocoaensis zone) is apparently faulted out. 

East of the Misién field, in Mexico, no wells have reached the Jackson forma- 
tion. 

The Textularia hockleyensis zone has not been completely penetrated in any 
of the Pemex wells. A maximum penetration of 1,664 feet was found in Camargo 
No. 6; consequently, a maximum thickness in excess of that can be estimated. 
This zone is identified in the wells by the first appearance of Textularia hock- 
leyensis. No lithologic difference with the overlying Marginulina cocoaensis zone 
has been noted. 

The stratigraphic relationship of the Jackson with the overlying formations 
is known from published description’ to be unconformable; but no evidence on 
this point can be drawn from the subsurface data obtained so far in this area. 

A list of the most common microfossils found in the Jackson in this area 
follows.‘ 


Marginulina cocoaensis zone (upper Jackson) 

Cristellaria sp. 

Eponides sp. 

Hantkenina alabamensis Cushman 
Marginulina cocoaensis Cushman 
Siphonina sp. 

Textularia hockleyensis zone (middle Jackson) 
Ammobaculites hockleyensis Cushman and Applin 
Cristellaria sp. 

Nodosaria jacksonensis Cushman and Applin 

Siphonina advena Cushman var. eocenica Cushman and Applin 
Textularia mississippiensis Cushman 

Textularia hockleyensis Cushman and Applin 


JACKSON (OLIGOCENE) 
Overlying the Jackson is the Vicksburg. As was pointed out under the Jackson 
discussion, the boundary between these two formations is determined in the wells 
by the first appearance of Marginulina cocoaensis. Although probably there is an 


3 Alva C. Ellisor, ‘Jackson Group of Formations in Texas, with Notes on Frio and Vicksburg,” 
Bull. Amer. Assoc. Petrol. Geol., Vol. 17, No. 11 (November, 1933), pp. 1293-1350. 


4 Personal communication from M. A. Pefia. 
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unconformity at this contact, no lithologic break has been noticed between the 
upper Jackson shales and the lower Vicksburg shales. 

The Vicksburg is unconformably overlain by the Frio. Fairly conclusive evi- 
dence for this unconformity can be drawn in, and in the vicinity of, the Misién 
field. Here the top of the Vicksburg is placed at the top of the Sam Fordyce sand 
where a definite lithologic change is recognized between the non-marine, reddish 
brown and green, mottled clays and shales of the Frio and the upper sand section 
of the Vicksburg. This upper sand section is lithologically more closely related to 
the underlying beds of the marine Vicksburg than to the overlying beds of the 
non-marine Frio. The structural deformation of the beds of the Vicksburg is 
greater than that of the beds of the Frio, indicating a post-Vicksburg, pre-Frio 
movement. On the basis of electric-log correlations, the upper surface of the Sam 
Fordyce sand is somewhat irregular, showing a thinning from east to west. 
Further, it appears that the Sam Fordyce sand may be entirely missing on the 
crest of the Misién structure. 

Although the top of the Vicksburg in the Misién field is taken at the top of 
the Sam Fordyce sand (where present), a true marine diagnostic fauna is not en- 
countered closer than approximately 100 feet below this horizon (top of Vicks- 
burg). However, this interval varies widely from well to well. The maximum at 
Misién is approximately 2,000 feet. Above the first appearance of true marine 
Vicksburg fauna, a brackish-water fauna is encountered. This brackish-water 
zone is lithologically more closely related to the true marine Vicksburg than to 
the overlying non-marine Frio. It is now locally accepted as Vicksburg in age. 
This zone formerly was called lower fossiliferous Frio. It contains Rotalia beccarii, 
ostracods, and fragments of Ostrea. 

The first true marine fauna as found in the wells does not appear as a strati- 
graphic horizon as established by electric-log correlation (Fig. 11). This is true at 
least locally in the Misién field, yet as a working hypothesis the first marine 
fauna has been accepted as the top of the Vicksburg in other places, for example, 
Camargo, Jabali, and Valadeces, where the brackish-water zone is not well 
identified. It is anticipated that in this updip area, the precise Vicksburg-Frio 
contact will later be revised and accepted at a somewhat higher stratigraphic 
position. 

In the Reynosa area, the most common diagnostic fauna found in the true 
marine Vicksburg is the following.5 


Bifarina vicksburgensis Cushman Lepidocyclina sp. 
Bulimina sp. Nodosaria sp. 
Camerina sp. Nonion advenum Cushman 


Cibicides americanus Cushman 

Cristellaria (or Robulus) vicksburgensis Cushman 
Cyclammina sp. 

Elphidium sp. 

Eponides byramensis Cushman 

Globigerina bulloides d’Orbigny 

Globigerina sp. 

Haplophragmoides sp. 


5 Personal communication from M. A. Pefia. 


Nonion planatum 

Nuttallina sp. 

Quinqueloculina sp. 

Siphonina advena Cushman 

Textularia mississippiensis Cushman 
Trochammina sp. 

Uvigerina byramensis Cushman 

Uvigerina vicksburgensis Cushman and Ellisor 
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Associated with the same fauna, Textularia warreni Cushman and Ellisor 
generally appears 20-40 feet below the first marine diagnostic fauna. 

In northeastern Mexico, the Vicksburg formation has been identified with 
certainty only as far east as the Misién wells. In Reynosa No. 1, a brackish-water 
fauna and dark gray lignitic shales were found at 7,183 feet. These sediments may 
represent an upper brackish-water Vicksburg; but are probably lower Frio in age. 
In Trevifio No. 2, marine sediments and fauna were encountered at 8,547 feet. 
Most of the associated marine Vicksburg fauna was found; but no Textularia 
warreni appeared down to the total depth (11,572 feet). These sediments are 
believed to be younger than Vicksburg. 

Lithologically the Vicksburg may be divided into an upper section consisting 
essentially of sands interbedded with thin layers of shale, and a lower section of 
shale. The maximum development of the upper sand section has been found in the 
Misi6n field where it has a thickness of 2,000—3,000 feet. In the Camargo field the 
sands are fewer and the shales interbedded thicker. The sands are lenticular and 
vary laterally in permeability, offering complex stratigraphic problems, which 
are of great significance commercially. 

In general the sands of this section are firm to hard, fine- to medium-grained, 
light gray to greenish gray, calcareous sands. Permeable and porous layers 
alternate with hard to very hard impermeable, very calcareous sandstone layers. 
Green and brown shales are interbedded with the sands. Thin light gray ash beds 
and bentonite also occur, as well as thin beds of lignite. 

The production of the Misién and Camargo fields comes from sands in this 
section. In the updip or west part of the Reynosa area it is, commercially, the 
most important formation. 

The lower third to two thirds of the Vicksburg is essentially represented by 
gray and greenish gray shales. 

The thickness of the Vicksburg in various parts of the area is as follows. 


Feet 


Misi6n field (downthrown side of Sam Fordyce and La Joya faults)... 3,500-4,000 


FRIO (OLIGOCENE) 


Unconformably overlying the Vicksburg is the Frio. 

It is overlain by the middle Oligocene or Anahuac formation. The top of the 
Frio is determined by the lithologic break between the marine beds of the middle 
Oligocene (Anahuac) and the non-marine clays and shales of the Frio. 

The base of the Frio is placed at the top of the Sam Fordyce sand in the 
Misién field and at the first appearance of true marine Vicksburg fauna in other 
parts of the area. 

Updip in the western part of the Reynosa area, the Frio is essentially clay 
and shale with very few thin sand bodies. Knowledge of this formation here is 
based chiefly on cuttings and electric logs. No coring has been done in this forma- 
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tion in the Pemex wells in the western part of the Reynosa area. The few sands 
are comparatively impermeable and ashy and are not promising from a com- 
mercial] point of view. 

Lithologically the Frio consists (updip) of non-marine red, brown, and green 
clays and shales, in places mottled and variegated, with abundant thin ash 
layers and tuffaceous material. Gypsum and anhydrite are common. 

In the center of the Reynosa area, the lower third to half of the Frio consists 
chiefly of sands. These sands have been the source of a substantial amount of gas 
production.and some oil production in the adjacent Starr and Hidalgo counties 
of Texas. They are gray to greenish gray, fine- to medium-grained, calcareous 
sands. Varying laterally from hard, calcareous, impermeable sandstones to un- 
consolidated, permeable, porous sands. 

In the Reynosa structure, brackish-water Frio was found at a depth of 7,183 
feet, about 3,400 feet below the top of the Frio. This consists of dark gray and 
greenish lignitic shales interbedded with sands. 

The oil and gas sands found in the Reynosa wells belong to this formation. 
The sands which have so far been found promising in the Brasil No. 1 are in the 
Frio. Promising showings in the Frio sands have also been encountered in the 18 
de Marzo No. t. 

The Frio formation in the west is generally non-fossiliferous, containing only 
Elphidium sp., Chara seeds, ostracods, and Rotalia beccarii. 

Downdip in the 18 de Marzo No. 1, a section of gray-green marine shales was 
found at 8,690 feet, 960 feet below the top of the Frio. 

These shales are a marine facies of the Frio. The following microfossils were 
noted. 


Bolivina sp. Quinqueloculina sp. 
Cibicides sp. Robulus sp. 
Eponides sp. Textularia sp. 
Globigerina sp. Uvigerina sp. 


Marginulina texana 


The well drilled to a total depth of 10,175 feet without reaching the Vicks- 


burg. 
The Frio, like all other formations in the area, thickens downdip. Its thickness 
in various parts of the area has been found to be the following. 


Feei 


In Trevifio No. 2, marine sediments were encountered at 8,547 feet. Since no 
Textularia warreni was found down to the total depth of 11,572 feet, these sedi- 
ments are believed to be a marine facies equivalent to part of the Frio. On this 
interpretation here, the Frio must be in excess of 5,388 feet in thickness. 

In the 18 de Marzo No. 1 and the Brasil No. 1, about 2,500 feet of Frio have 
been penetrated without reaching the Vicksburg. 
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ANAHUAC (MIDDLE OLIGOCENE) 


Unconformably overlying the Frio is the middle Oligocene or Anahuac forma- 
tion as defined by Alva C. Ellisor.® 

The identification of this formation locally as Anahuac appears to be well 
established. The three paleontological zones (Discorbis, Heterostegina, and 
Marginulina) are definitely recognizable locally although it appears difficult to 
establish the precise position of the boundaries between the zones, apparently 
due to the relative scarcity of the diagnostic fauna. Difficulty in establishing the 
precise top of the Discorbis zone (top of Anahuac) is also encountered. 

Where the Anahuac is typically developed as in the 18 de Marzo No. 1, the 
lithologic and faunal break into the Frio is well marked, as the gray fossiliferous 
sands (and shales) of the Anahuac contrast vividly with the red-brown and green 
non-fossiliferous clays and shales of the underlying Frio. The same has been 
found to be the case in the Trevifio and Brasil wells where only the Discorbis and 
Heterostegina zones are recognizable. 

Further updip in the Reynosa wells, the middle Oligocene is questionably 
identifiable only by a few Discorbis sp. and Elphidium sp. and neither the faunal 
nor the lithologic break into the Frio is apparent. In this latter case, the top of the 
Frio has been determined with the aid of electric-log correlations. In the Reynosa 
wells, a sand body at about 3,500 feet has been correlated with what is known 
as the “‘Heterostegina”’ sand in the near-by American wells, although no Heiero- 
stegina are found this far updip. The top of the Frio has been tentatively placed 
at the base of this sand in spite of the fact that the first Discorbis was found below 
this horizon (Fig. 13). 

In the Misién field (updip or western part of the Reynosa area) the middle 
Oligocene is a very thin zone of brackish-water sediments, characterized by the 
appearance of Elphidium sagrum and various other species of Elphidium. Ostra- 
cods are also common though not diagnostic. Here, this zone is not more than 
20-40 feet thick. The top of the Frio is placed at the base of this zone with the 
aid of paleontology and electric logs. 

The following tabulation shows the depths recorded in feet for the zones of 
the Anahuac in these downdip wells.’ 


Trevino Brasil 18 de Marzo 
No. 2 No. I No. 1 
Elevation (derrick floor) 80 75 41 
1st Discorbis 5,824 6,420 
1st Heterostegina 5,900 5,724 6,690 
1st Marginulina 7,600 
Top Frio 6,184 5,937 7,730 
Total thickness of Anahuac 360 410 1,310 


6 Alva C. Ellisor, “Anahuac Formation,” Bull. Amer. Assoc. Petrol. Geol., Vol. 28, No. 9 (Sep- 
tember, 1944), pp. 1355-75. 
7 Determinations by Sun Oil Company. 
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The associated fauna of the Anahuac has been found in these wells to be the 
following. 

Discorbis Zone Heterostegina Zone Marginulina Zone 
Discorbis villardeboana Heterosiegina texana Marginulina idiomor pha 
Eponides sp. Bolivina sp. Bolivina sp. 

Lenticulina sp. Eponides sp. Eponides sp. 
Ostracods Ostracods Heterostegina sp. 
Siphonina sp. Ostracods 
Textularia sp. Siphonina sp. 
Textularia sp. 


Lithologically the Anahuac consists of dark gray and green fossiliferous shales 
with several gray, fine- to medium-grained, hard, calcareous sand bodies. Some 
of these sands have had some small gas showings in the 18 de Marzo No. 1. The 
sands of the Marginulina zone of the Anahuac are the source of oil production 
in the Willamar field of Willacy County, Texas, north of this well. 


FLEMING (MIOCENE) 


Unconformably overlying the middle Oligocene or Anahuac is the Fleming 
which, for the purpose of this paper, is considered Miocene in age. As used here 
the name Fleming comprises the undifferentiated Miocene formations which 
overlie the Anahuac and therefore includes the upper part of the subsurface 
Catahoula-Frio formation of eastern Starr County, Texas, and also the overlying 
Oakville of the subsurface of eastern Starr and of Hidalgo counties, Texas. It 
may also include beds somewhat higher than those commonly designated as 
Oakville. In the downdip or eastern part of the Reynosa area, the top of the 
formation is tentatively accepted, for the purpose of this paper, as at the top of 
the marine Miocene in so far as it can be recognized by micropaleontology and 
electric-log correlation with wells in which it has been so identified. No subdi- 
visions have yet been established in this downdip area on the basis of well cuttings 
from, and electric logs of, the Pemex wells drilled to the present time. 

In the updip part of the area where the formation is non-marine, the lithologic 
character is described from well cuttings and electric logs. The clays and shales 
are pink, brown, and light gray. Thin layers of volcanic tuff and ash are common. 
Many fine-grained to medium-grained, gray sands occur. Gypsum and anhydrite 
are also common. In the downdip part of the area where the formation is marine, 
electric logs show a great many sands present throughout the section. Interbedded 
with these sands are layers of clays and shales. 

There has been no commercial production from this formation in the Pemex 
wells to the present. It is anticipated that in the downdip area where the forma- 
tion is marine, it may be commercially significant since in other parts of the Gulf 
Coast it has been highly productive. 


PLIO-PLEISTOCENE 


Unconformably overlying the Fleming are the Plio-Pleistocene sediments. 
In the western and central part of the area they are mainly gravels consisting 
of chert, quartzite, limestone of Cretaceous age, petrified wood, and other clastic 


| 
| 
\ 
| 


NEW DEVELOPMENT IN NORTHEASTERN MEXICO _ 1363 


materials. The gravels are very irregular in size and are commonly interbedded 
with coarse-grained cross-bedded sands. The gravels are in many places cemented 
by caliche. These beds, of fluvial origin, have been variously classified. 

The name Reynosa formation has been applied by many geologists to the 
caliche-cemented gravels; but since the caliche is secondary material and covers 
other formations, the use of the term Reynosa as a formation name has resulted 
in much controversy. In the western part of the area under discussion these 
gravels form the Reynosa or Bordas escarpment as mapped by earlier observers. 

In the downdip area the Plio-Pleistocene comprises in excess of 2,500 feet of 
sediments which have not been classified or divided in the subsurface by Pemex; 
although they have been minutely subdivided and discussed in publications on 
Gulf Coast geology.® 

Some extreme downdip wells drilled on the American side of the Rio Grande 
have established the presence of marine Pliocene sediments. 

Part of the area is covered by wind-blown fine sands. 


STRUCTURE 


Northeastern Mexico is structurally, as well as stratigraphically, a part of 
the geological province known as the Coastal Plain or Gulf Coast of Texas, Louisi- 
ana, and Mexico. It comprises the southern part of what is known as the Rio 
Grande geosyncline or Rio Grande embayment. 

Within, and adjacent to, the Reynosa area, approximately 20 closed struc- 
tures have been mapped by seismic exploration. Of these, Pemex has drilled 6 
and is at present drilling 2 more. These structures are here listed. 


Camargo 5 wells: 2 gas producers, 3 dry holes 

Valadeces 1 well: gas and distillate producer 

Misién 8 wells: 4 gas and distillate producers, 3 dry holes, 1 junked hole 
Reynosa 4 wells: 2 oil producers, 2 drilling 

Jabali 1 well: dry hole 

Trevifio 2 wells: x junked hole, 1 dry hole 

Brasil 1 well: drilling 

18 de Marzo 1 well: drilling 


In Camargo, Valadeces, Misién, and Reynosa, commercial production has 
been established. In Jabalf and Trevifio, no production has been established; but 
the structures can not be considered thoroughly tested. The well drilling at 
Brasil has found, so far, at least 2 gas and distillate sands. The well at 18 de Marzo 
has several tight gas and distillate sands and one possible oil sand. 

All the structures drilled are anticlines but the production is closely related 
to lateral stratigraphic changes in permeability and thickness of the sands. 


CAMARGO STRUCTURE 


The Camargo structure is 2 miles south of the Rio Grande and 15 miles south- 
east of Rio Grande City, Texas. The seismograph map contoured on a phantom 
horizon 1,200 meters (3,936 feet) below sea-level shows an anticlinal fold with a 


8 A. W. Weeks, “Quaternary Deposits of Texas Coastal Plain between Brazos River and Rio 
Grande,” Bull.. Amer. Assoc. Petrol. Geol., Vol. 29, No. 12 (December, 1945), pp. 1693-1720. 
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northwest-southeast axis. Seismologically the structure has a length of approxi- 
mately 3 miles, a maximum width of 2.3 miles and a closure of 300 feet (Fig. 2). 

Commercial dry gas production was discovered by Camargo No. 4, spudded 
on May 18, 1947 (first well drilled on this structure), which was located at the 
center of the seismological high. A group of sands ranging from .a depth of 
1,870 feet to 2,310 feet was encountered. Two of these sands at 2,167 and 2,278 


REFLECTION SEISMOGRAPH MAP OF 


CAMARGO & VALADECES 
STRUCTURES 
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Fic. 2.—Seismograph map of Camargo and Valadeces structures. 


feet have been proved for commercial gas production. This group of sands is 
stratigraphically at the base of the Frio and top of the Vicksburg. The upper 
part of the sand section probably belongs to a brackish-water facies of the Vicks- 
burg. Lithologically these sands are fine to very-fine grained, unconsolidated, 
greenish gray sands. Their porosity is 28 per cent. The permeability for the upper 
sand averages 162.8 millidarcys with a maximum of 708 millidarcys. The lower 
sand has an average permeability of 16.4 millidarcys and a maximum of 285 milli- 
darcys. 

Camargo No. 4 was drilled through the upper Jackson (Marginulina cocoaen- 
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sis zone) and part of the middle Jackson (Textularia hockleyensis zone) in search 
of other sands. No sands were found in that part of the Jackson section drilled. 
The well was completed in the upper gas sand (2,167) feet of the upper Vicksburg. 
The geologic section encountered in Camargo No. 4 was the following. 


Feet 
1st Marginulina cocoaensis (Top Jackson)....................4.. 2,510 
1st Textularia hockleyensis (Top middle Jackson)................. 2,870 
Total depth in Textularia hockleyensis zone................-.+45- 3,595 


A second Camargo No. 5 was drilled as an offset to No. 4 (1,000 feet east) and 
was completed in the lower gas sand (2,242 feet) of the upper Vicksburg. Produc- 
tion of well No. 4 is approximately 2 million cubic feet of gas and that of No. 5 
is about 1 million, through 3-inch chokes. 

Wells 6 and 7 were drilled 1 mile northwest and 1 mile southwest, respectively 
of No. 4. These two wells found the producing sands about 135 feet higher, struc- 
turally, yet containing salt water. From this separation of reservoirs, it has been 
inferred that a normal fault extends approximately north-south between wells 4 
and 6, and between 4 and 7, being downthrown on the east (Fig. 3). The throw 
of the fault, though unknown, may be estimated as approximately 150 feet. 

Camargo No. g was drilled a mile southeast of No. 4 and found the producing 
sands 170 feet lower, checking well with the seismograph map but being below 
the water level. 

No drilling has been done northeast of No. 4 but it seems that the producing 
relief in these Camargo sands is small. 

The deepest of these wells was Camargo No. 6 (4,403 feet) which drilled through 
1,664 feet of the Textularia hockleyensis zone without reaching the Textularia 
dibollensis zone. 

VALADECES STRUCTURE 


Valadeces No. 1 was drilled on a seismological local closure on the eastern 
flank of the large feature known as the Camargo anticline, 3 miles east of the 
Camargo wells. The seismograph map, contoured at 1,500 meters (4,920feet) below 
sea-level, shows a closure of only 70 feet on the Valadeces structure, yet at 2,500 
meters the closure seems to be about 400 feet (Fig. 2). 

The Vicksburg-Frio group of sands encountered at a depth of 2,330-3,050 feet 
was poorly developed. Side-wall cores of these sands, although having gas odor, 
were diagnosed as water-bearing. 

The electric-log correlation with the Camargo wells is not definite; but with 
the aid of paleontological determinations, a correlation within 100 feet can be es- 
tablished. On the basis of paleontology, the Valadeces No. 1 is 978 feet lower struc- 
turally than Camargo No. 4, on top of the true marine Vicksburg fauna. This 
checks well with the seismograph map. 

The well was drilled to a depth of 6,228 feet, finding a 20-foot sand at 5,974 
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feet in the Textularia hockleyensis zone of the Jackson. When this sand was drilled, 

the well tried to blow out, partly unloading the 14-pound mud. The well was killed 

with a 17-pound mud and completed in this high-pressure gas and distillate sand. 

The production is 1.5 million cubic feet of gas and 30 barrels of distillate through 

a 4-inch choke. The surface flowing pressure dropped from 3,100 to 2,250 pounds 

per square inch in the first 2 days, probably indicating low ultimate recovery. 
The geologic section encountered in Valadeces No. 1 was abnormal. 


Feet 
Total depth in Textularia 6,228 


The Vicksburg was abnormally thick and no upper Jackson was found. Ap- 
parently part of the lower Vicksburg, all the upper Jackson and part of the 
middle Jackson is faulted out. 

Although this is the only well drilled on this structure, it is inferred that a 
fault is crossed by the well at approximately 5,758 feet. The downthrown side or 
east side of the fault is expected to have a much thicker section of sediments, as 
is known to be the fact along the major faults of southwest Texas. 

As far as penetrated in this well, the Jackson formation was found barren of 
sands except for the one in which the well was completed. 


MISION STRUCTURE 


The Misién structure is the southern extension into Mexico of the Pefiitas 
structure of western Hidalgo County, Texas. More accurately, the Pefiitas struc- 
ture is the northeastern end of the Misién structure, which is a northeastern 
plunging anticline. The Mexican part of it is about 3 miles long by 3 miles wide 
(Fig. 4). 

The western and southwestern closures are afforded by the continuation of 
the Sam Fordyce and La Joya faults which apparently merge as one fault into 
Mexico. The closure governing the production is mainly stratigraphic, the pro- 
ducing sands being developed on the eastern flank and pinching out toward 
the west. 

Based on subsurface geological work of the Sam Fordyce, Nichols, and Pefii- 
tas fields, the Misién well No. 1 was located as a distant offset to the Arkansas 
Fuel Oil Company’s J. W. Heard No. 1, where gas production had already been 
established. 

This first well drilled by Pemex in northeastern Mexico, reached a depth of 
6,034 feet, finding 2 gas and distillate producing sands, at 5,490 and 5,970 feet. 
The lower sand is correlative with the Heard sand of the Arkansas Fuel Oil Com- 
pany’s Heard No. 1. The upper sand, in which the well was completed, was named 


the Misién sand. 
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Fic. 4.—Seismograph map of Misién structure. 
The section drilled by this well was the following. 
Feet 
132 
Oakville-Catahoula undifferentiated Miocene................... 20-1 ,9905 
Top Sam Fordyce sand (top of brackish-water Vicksburg)....... 4,012 
1st true marine Vicksburg fauna.............................. 4,117 
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Feet 


The geological section is essentially shale down to the top of the Sam Fordyce 
sand. The rest of the section (Vicksburg formation) is a series of sands with thin 
shales and sandy shales interbedded. The Misién and Heard sands are located 
in the lower part of these Vicksburg sands. 

The Misi6n sand is a fine-grained, firm, greenish gray sand, having an average 
porosity of 19 per cent and an average permeability of 53.1 millidarcys. The maxi- 
mum permeability measured was 555 millidarcys. The average daily production 


STRUCTURAL CONTOUR MAP OF 
MISION FIELD 


TOP OF SAM FORDYCE SAND 


t 


CONTOUR INTERVAL 25 METERS 


Fic. 5.—Structural contour map of Misién field (top of Sam Fordyce sand). 
Length of graphic scale is 2 miles. 
of this sand in Misién No. 1 is 3,391,400 cubic feet of gas and 36.7 barrels of dis- 
tillate through a }-inch choke. 

After the completion of Misién No. 1, wells 2, 3, 4, 8, 9, 10, and 11 were 
drilled on this structure. The first three are gas and distillate producers and the 
last four dry holes. 

Well No. 2 was completed in the Heard sand, No. 4 in the Misién sand, and 
No. 3 in an unnamed lower sand. In the last well, the Misi6n and Heard sands 
are not identified and are probably not present, the well being located west of 
their pinch-outs. 

The four producing wells have a daily production of about 10,800,000 cubic 
feet of gas and 140 barrels of distillate. 
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Fic. 6.—South-north section of Misi6n field. Vertical scale: 1 inch equals 500 feet. Distance between wells is 1 mile. 
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Fic. 8.—Seismograph_map of Jabalf structure. 


Well No. 8 was a junked hole and well No. 10 was drilled a few feet away. 
Structurally, well No. ro is the highest well, but it was a dry hole. The Misién 
and Heard sands could not be identified and are probably not present, due to 
pinching-out. 

Both the Misién and Heard sands thin and shale out toward the west, being 
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present only on the eastern flank and having their maximum development in 
the vicinity of Misién No. 1 (Fig. 6). 

The water level in the Misién sand has been found at —5,490 feet. In the 
Heard sand the water level is approximately at — 5,909 feet. 

The producing relief of the Misi6n sand is about 690 feet. That of the Heard 
sand is about goo feet. 

Misién No. 11 crossed a fault at approximately 4,764 feet. The lower part of 
the Vicksburg sand section and possibly part of the shale section of the Vicks- 
burg is faulted out (Fig. 7). That this normal fault is downthrown toward the 
east, that it has a throw of approximately 2,800 feet, and its location, form a sound 
basis of evidence from which to infer that it is the southward continuation into 
Mexico of the merged Sam Fordyce and La Joya faults. 

These wells have afforded enough information to contour structural maps of 
the Mision field at different levels. The subsurface structural map on top of the 
Sam Fordyce sand (Fig. 5) is similar to the seismograph map of the structure. 


JABAL STRUCTURE 


The Jabali structure is in the northeastern corner of the state of Nuevo 
Leén about 17 miles south-southeast of Camargo wells. Seismologically it is a 
closed anticline with a north-south axis of 7 miles and an east-west width of 4 
miles. The closure, according to the seismic work, is approximately 650 feet. 
Separated from this large feature by a seismologically inferred fault, a smaller 
closed feature has been contoured 3 miles farther east (Fig. 8). 

On this smaller eastern closed feature, five Rio Bravo wells were drilled prior 
to 1938. The deepest of these wells, the Rio Bravo No. 5-A, reached a total depth 
of 5,085 feet, ending in the Vicksburg formation. These wells encountered oil 
and gas showings in the Vicksburg and gas showings in the Frio. The top of the 
Frio was found between 2,200 and 2,400 feet and the top of the Vicksburg between 
2,500 and 2,700 feet. None of these wells had commercial production. 

On the western flank of the Jabali structure, Zacate No. 6 was drilled prior 
to 1938, ending in the Jackson formation at 5,500 feet, being abandoned as a 
junked hole. Only small oil showings above the Frio formation were reported. 

In 1946, Pemex drilled Norias No. 1 about 1 mile south of the crest of the 
structure, as mapped by seismic work. Drilled to a total depth of 5,265 feet, it 
encountered the following section. 


Feet 
ist marine Vicksburg fauna (top Vicksburg)..................... 1,378 
1st Marginulina cocoaensis (top Jackson)........................ 3,484 
Total depth in Textularia 5,265 


A predominant sand section of lower Frio and upper Vicksburg age was en- 
countered between 1,100 feet and 2,000 feet. After setting casing, several drill- 
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stem tests were made of oil and gas showings in these sands. No production was 
established. The well was completed as a fresh-water well from a Frio sand at 
858-878 feet, the static level of the water in the well being practically at the sur- 
face. ; 
No sands were found in the Jackson formation as far as penetrated. 

It is anticipated that a higher structural position may be found as a result of 
future exploration. Also better sand development may be expected on the flanks. 
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Fic. 9.—Seismograph map of Reynosa structure. 
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REYNOSA STRUCTURE 


The Reynosa structure is about 6 miles south-southeast of Reynosa City. 
According to the seismograph map (contoured at a level of 1,800 meters (5,904 
feet) below sea-level!) it is an elongate, closed anticline, with a north-northwest 
south-southeast axis (Fig. 9). It is 5 miles long and has a maximum width of 3 
miles, this being near the northern end of the structure. The seismological clos- 
ure is approximately 150 feet. On the south there is a smaller closed feature 
which, at present, is being shot for more detail. 

Reynosa No. 1 was located approximately in the center of the broad northern 
end of the structure. Spudded on February 17, 1948, it was drilled to 8,114 feet, 
finding the following geological section. 


Feet 
Base of Heterostegina sand (possible top Frio).................... 3,560 
Change from red shale to red and green shales*.................. 4,609 
Change from mottled red and greenish shales to dark gray lignitic 
shales (possible top brackish-water Frio)*...................... 7,183 
Total depth (in brackish-water Frio)*................ccccceeeeee 8,114 


* Determinations by Sun Oil Company. 


The oil sands and three gas sands were encountered at the following intervals. 


Feet 
4,615-4,630 


Reynosa well No. 1 was completed in the Pemex sand. 

Reynosa No. 2 was drilled as a twin to No. 1 and was completed as an oil 
producer in the Reynosa sand. It reached a total depth of only 4,664 feet. 

Well No. 1 produced from the Pemex sand; it has a daily production of 132 
barrels of oil through a 3-inch choke. Tubing pressure is 975 pounds per square 
inch. Casing is sealed. Well No. 2 was completed in the Reynosa sand; it pro- 
duces 176 barrels of oil per day through a }-inch choke. Tubing pressure is 825 
pounds. 

In the first and third gas sands as well as in the Pemex sand, the oil-water 
contacts were encountered. These levels are shown in Table I. 

All the sands which have produced in the Reynosa wells belong to the Frio 
formation. 

The Frio formation here can be divided lithologically into an upper shale sec- 
tion with few sands interspersed, and a lower section which is predominantly 
sand. The top of this lower section, consisting essentially of sands (6,910 feet 
in Reynosa No. 1), has been a distinctive electrical log marker in establishing 
correlation between Reynosa well No. 1 and wells in the McAllen field, Hidalgo 
County, Texas. This correlation (Fig. 10) shows that Reynosa No. 1 is at that 
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Fic. 11.—Seismograph map of Trevifio structure. 


point 666 feet structurally higher than W. E. Davis’ Arizona-Texas No. 1 of 
the McAllen field. 

The Vicksburg formation was not reached in Reynosa No. tr. 

Recent information from other wells being drilled on the Reynosa structure 
has shown that the “Reynosa” oil-producing sand becomes calcareous, imperme- 
able, and non-productive toward the northwest, probably thus affording strati- 
graphic closure. 

An extensive program of exploratory and development wells has been under- 
taken by Pemex in this newly discovered oil and gas field. 
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TREVINO STRUCTURE 


Located about 4.5 miles from the Rio Grande and south of Mercedes, Texas, 
the Trevifio structure is seismologically a closed anticline with a north-north- 
west south-southeast axis. The structure is 6 miles long and 3.5 miles wide with 
a seismological closure of approximately 300 feet. The seismograph map is con- 
toured on a horizon 2,100—2,200 meters (6,888—7,216 feet) below sea-level (Fig. 11.) 

Trevifio No. 1 was drilled in 1946 by Pemex on the crest of the anticline. The 
well reached a depth of 8,894 feet and was abandoned as a junked hole. Treviiio 
No, 2, drilled in 1947, was located one mile east of No. 1. The sections encoun- 
tered by these wells are here tabulated.® 


Trevino No. 1 Trevitio No. 2 

Feet Feet 
Elevation (derrick floor) 85 80 
Top marine Miocene 1,935 1,985 
Top Discorbis zone (Anahuac) 5,692 5,824 
Top Heterostegina zone (Anahuac) 5,741 5,906 
Top Frio 6,053 6,184 
Possible top marine Frio — 8,547 
Total depth 8,804 11,572 


By electric-log correlation, well No. 2 is 147 feet structurally lower than 
well No. 1 at a depth of approximately 6,700 feet. Electric-log correlation has 
also been established with La Gloria Corporation wells, drilled south of Mercedes, 
Texas. At a depth of 7,145 feet, Trevifio well No. 2 is 405 feet higher than La 
Gloria’s South Mercedes No. 1 (Fig. 12). 

No commercial oil was encountered in the Treviiio wells. The sands of the 
Frio, where cored, were found hard, calcareous, and impermeable. However, 
very little coring was done. 

The size of the structure and additional sand-permeability data are factors 
that may have to be taken into consideration in evaluating this prospect. The 
production possibilities of the Trevifio structure can not be condemned prior to 
the drilling of more wells. 


BRASIL STRUCTURE 


The Brasil structure is a large closed anticline in the same structural trend as 
the Trevifio anticline. The center of the structure is 9.5 miles south-southeast 
from the center of the Trevifio structure. Seismologically it has a long north- 
south axis of 11 miles and is 6 miles wide, having a closure of at least 400 feet. A 
large fault was inferred in the seismological mapping of the structure as trending 
approximately north-south along the western flank. If the presence of this fault is 
verified, it may afford a much larger closure of the anticline (Fig. 13). 

At present, Brasil No. 1 is being drilled on the crest of the structure. It has 
encountered the following section. 


® Determinations by Sun Oil Company. 
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Feet 
Top Heterostegina zone 53724 
Total present depth (October 7, 1948)..............ccccccccceees 8,497 in Frio 


Electric-log correlation has been established between this well and the Trevifio 
wells (Fig. 12). Brasil No. 1 is 418 feet higher than Travifio No. 2 on a good 
electric-log marker constituted by the top of a sand section, found at 6,722 feet 
in Brasil No. 1. 

Two commercially productive gas and distillate sands have been tested in the 
Frio section at 6,890 and 7,220 feet. Other possibly productive sands have been 
encountered below this depth. It can be said that this well has already discov- 
ered a new gas field. 


18 DE MARZO STRUCTURE 


The 18 de Marzo structure, 18 miles southwest of Brownsville, Texas, is 
seismologically a large anticline with a north-south axis. The structure is 10 miles 
long and 7 miles wide. The seismological closure is approximately 500 feet. The 
structure is contoured on a phantom horizon 2,300-2,500 meters (7,544—-8,200 
feet) below sea-level (Fig. 14). 

Pemex located the 18 de Marzo No. 1 on the crest of the structure. Spudded 
on March 15, 1948, the well drilled to 10,175 feet. The following section was 
encountered.’° 


Feet 
Top Heterostegina zone 6,690 
Top Marginulina zone 7,600 


A section of shale with very few sands was found down to 3,170 feet. From 
that depth to 10,175 feet, the section consists of sands and shales interbedded. 
In the marine Frio section the sands are less common. Eleven drill-stem tests 
were made in the Frio section below 8,200 feet. Several promising gas sands and 
one possible oil sand were tested. Only small gas showings were found in the 
sands of the Anahuac formation. 

A mud-logging unit was used on the well to avoid continuous coring. Some 
sands may not have been tested in their upper part. All sands tested had appar- 
ently low permeabilities. They may be commercially productive when tested 
after casing is set. 


10 Determinations by Sun Oil Company. 
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Fic. 14.—Seismograph map of 18 de Marzo structure. 
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GEOLOGY AND DEVELOPMENT OF POZA RICA OIL FIELD, 
VERACRUZ, MEXICO! 


GUILLERMO P. SALAS? 
Mexico, D. F. 


ABSTRACT 


The Poza Rica field is the most important producing structure in Mexico. On the surface this 
structure is reflected in upper Oligocene clays, sands, and lenticular limestone of the Coatzintla forma- 
tion. This structural nose dips east-southeast and becomes more accentuated in the subsurface down 
the stratigraphic column until the Tamabra limestone is reached. 

This limestone is Albian-Cenomanian in age and production comes from a porous facies that 
crowns the axial zone. 

It is proposed that the structure was a tectonic high during Tamabra time, whence the origin of 
the reef facies. The reduced section of Méndez shales and San Felipe limestone formations above the 
Tamabra is suggested as diagnostic of the presence of reef facies for future Tamabra tests in the 


Tampico Embayment. 
This structure is producing approximately i00,000 barrels per day and has an accumulated pro- 


duction of approximately 8,943,167,855 cubic meters of gas and 50,754,198 cubic meters of oil to 
August, 1948. 
Some considerations are made regarding future developments and commercial disposal of the gas 


produced. 
INTRODUCTION 


The Poza Rica field has long been the most important single producing field 
in Mexico. Although it never had the spectacularity of the Golden Lane or of 
the Panuco fields, its tremendous production and reserves rank it among the most 
important discoveries in the world during the last two decades and due to its 
slight development at the time when Mexico needed most its production, it cer- 
tainly is her most important field at present. 

Its importance among the proved reserves of Mexico makes this field the out- 
standing producing area; hence, interest in it has arisen among both local and 
foreign geologists. 

Since Poza Rica produces from limestone similar to most of the important 
fields of Mexico, the writer believes that its geology is worth studying in detail 
because of its possible applications to similar structures in the Tampico embay- 
ment. 

LOCATION AND PHYSIOGRAPHY 


The Poza Rica field takes its name from the Hacienda in which it is almost 
wholly confined. It is located on the Gulf Coastal Plain approximately 160 kilo- 
meters*® southwest of Tampico and 175 kilometers northeast of Mexico City 
(Fig. 1). It is connected with both by paved highways, and a 10-inch pipeline ex- 

1 Read before the South Texas Section of the Association, Mexico City, October 19, 1948. Manu- 
script received, December 27, 1948. 


2 Chief geologist of Petréleos Mexicanos. The writer wishes to express his appreciation to the 
management of Petrdleos Mexicanos for permitting the presentation of this paper and to J. Hefferan 
and A. Castellanos, R., and E. O. Bennett, from whom he largely borrowed on development and field 
operation, to F. Guerra Pefia who is responsible for all the drafting, and to the others of the staff of 
the geological department for their whole-hearted collaboration in helping to prepare it. 


3 1 kilometer=0.6214 mile. 
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tends to Mexico City, an 8-inch and a 1o-inch pipeline to Tampico, and two 6- 
inch lines to Tuxpan. Its western extension lies on the Hacienda of San Miguel 
Mecatepec lands. The Cazones River flows northeastward through the middle 
of the field to the Gulf of Mexico. 

The rocks in the eastern half are upper Oligocene clays fairly well dissected by 
erosion and are at an average elevation of about 80 meters.‘ In the western half 
is a basalt flow which forms a plateau, north of which are located most of the 
present producing wells (Fig. 2). The average elevation above sea-level here is 
about roo meters. 


LOCATION OF ADJACENT FIELDS 


Approximately 16 kilometers south of the field, 17 wells in the old Furbero 
field produced about 362,000 cubic meters’ from metamorphosed shales of upper 
Eocene age (Tantoyuca). 

Westward about 6.5 kilometers, the Mecatepec pool (abandoned in 1935) 
produced 120,000 cubic meters from conglomerates at the top of upper Chiconte- 
pec formation (middle Eocene) or lower Guayabal. 

The nearest pool north of Poza Rica is at Alamo which is the southernmost 
pool of the Golden Lane and which still produces from El Abra limestone of 
Cenomanian age (Middle Cretaceous). 


DISCOVERY AND HISTORY 


This structure was first discovered by geophysical methods. Previous to 1923 
the territory south of the Golden Lane had been surveyed only by geologic 
reconnaissance. 

In 1923, a gravimetric survey with an Eotvés torsion balance revealed the 
presence of a well marked maximum (Fig. 3). More detailed surface geological 
work revealed the presence of a large nose plunging southeastward with minor 
folding superimposed on the east limb of the nose (Fig. 4). 

Finally, the drilling of the discovery well, Poza Rica No. 2, in May, 1930, 
confirmed the presence of the subsurface trap in porous Tamabra limestone of 
Albian-Cenomanian age at 2,047 meters subsea. This well was drilled in the gas 
cap and in 1933 it was shut in due to high gas-oil ratio. 

It is interesting to note that in 1923, previous to the drilling of the discovery 
well, the Aguila Company, at that time owner of the Poza Rica land, drilled the 
Mecatepec wells Nos. 2 and 3 to depths of 655 and 685 meters subsea, respec- 
tively, in the Tantoyuca formation, but failed to find oil in the Tertiary. Had 
they had the idea of the prolific possibilities of the deeper Cretaceous limestone, 
the Poza Rica field could have been discovered approximately 7 years earlier. 

The gravity survey conducted in 1930 revealed an interesting maximum 
which was further checked by seismograph (Fig. 5). With this knowledge gained 


41 meter=3.28 feet. 
5 1 cubic meter=6.29 barrels. 
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in June, 1932, the Poza Rica No. 3 was completed as an oil producer, followed in 
November, 1933, by the completion of No. 5 which was the third producer in the 
field. Worthy of notice are the gravimetric results obtained 11 en later with 
the gravimeter (Fig. 6). 

From subsurface data and knowledge of the behavior of the villa: a spacing 
program was devised. Although the program was not followed rigidly, the outpost 
wildcats followed the system with the intermediate location drilled later, ac- 


TABLE I 
Accumulative Accumulative Yearly Accumulative Yearly 
Number of Year Production of Production of 
Wells Oil in M* Gas in M* 
I 1930 460 4,646,004 
2 1931 2,265 9,291,679 
2 1932 28,265 21,969,070 
4 1933 127,954 25,409,221 
6 1934 589,255 99,565,072 
12 1935 1,503,113 216,874,990 
16 1936 2,392,806 343,761 , 362 
18 1937 2,971,269 521,497,577 
20 1938 3,506,434 623,523,301 
25 1939 4,231,593 788 , 256,523 
32 1940 4,619,897 846,447,400 
35 1941 4,033,794 783 721,300 
40 1942 3,516,965 743,662,000 
42 1943 | 611,987,300 
44 1944 353360,552 627,836,000 
52 1945 3,639,443 670,117,538 
65 1946 4,168,076 633,086, 700 
71 1947 5,079,742 807 , 282,328 
77. To August 1948 3,622,416 564,234,400 
Totals 50,754,108 8,943,167,855 


* 1M? =6.29 barrels. 


cording to the plan. The spacing program called for 750 meters between wells. 
This was not everywhere maintained due to offsets to Aguila wells by the 
A.G.P.N., this being a Government-owned concern with subsurface rights on 
Federal zones. However, an agreement entered into by the Aguila competitors 
allowed the spacing program to be kept. The area is now producing as a unit, 
and pressure and gas-oil ratios have been maintained throughout the history of 
the development since 1938, the year of expropriation. The producing northeast 
flank is approximately 14 kilometers long by 4 kilometers wide. Table I shows 
graphically the yearly development and production of this field. 


SURFACE GEOLOGY 


The formation which crops out at Poza Rica is composed of soft clays and 
sandstones with reef limestone lenses, and belongs to the Coatzintla formation 
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of upper Oligocene age. Abundant Cibicides coatzintlaensis (Nuttall) and Hetero- 
stegina antillea var. (Cushman) identify it as a time equivalent of the Tampa and 
Chickasawhay of Florida. 

This incompetent formation is not intensively folded, and the structural 
noses plunging east-southeast appear to be a slight reflection of the major struc- 
ture in the subsurface. 

The Coatzintla forms a veneer over the middle and lower Oligocene forma- 
tions and apparently is unconformable on them. 


TABLE II 
BY G.P SALAS OocT. 1948 
EUROPE TAMPICO EMBAYMENT] POZA RICA AREA 
MIOCENE |FLEMING| OAKVILLE TUXPAM TUXPAM 
= 2 CATAHOULA S. 
w < ESCOLIN ESCOLIN 
8 COATZINTLA | COATZINTLA 
FRIO ALAZAN UP PALMA REAL| UPPER PALMA REAL 
a * LOW.PALMAR. LOW PALMA R. LOWER PALMA REAL 
a ©o VICKSBURG HORCONES HORCONES HORCONES 
a CHAPOPOTE 
wW 
JACKSON | FAYETTE TANTOYUCA CHAPOPOTE-TANTOYUCA 
WwW YEGUA 
zy, | | GUAYABAL GUAYABAL 
wa |MOUNT SELMAN 
a a 
ro) CARRIZO 
_, | WILCOX INDIO CHICONTEPEG UPPER UPPER 
3 |mipway| WILLS POINT | — GROUP MIDDLE MIDDLE 
4 KINKAID VELASCO LOWER LOWER 
DANIAN? g NAVARRO ESCONDIDO 
| MENDEZ SHALES | MENDEZ SHALES 
CAMPANIAN & | TAYLOR 
UPPER SANTONIAN| f- AUSTIN UPPER Hiatus 
CONIACIAN EAGLEFORD SAN FELIPE SAN FELIPE (UNDIF) 
TURONIAN - ABRA 
CENOMANIAN EDWARDS whee ABRA TAMAB 
ALBIAN GLENROSE 
Reractous{ TRINITY] TRAVIS PEAK | LOWER TAMAULIPAS Hiatus 
APTIAN _Eomancne PRESIDIO PORTLAND-PIMIENTA PIMIENTA 
UPPER R. OXFORD NUIZACHAL HUIZACHAL 
R. MALONE HUAYACOCOTLA |HUAYACOCOTLA (ME TAMORP] 
LOWER R&. 


SUBSURFACE GEOLOGY 
MIDDLE OLIGOCENE 


Some previous publications have dealt with the subdivision of the Mesén. It 
must, therefore, be made clear that geologists now working in the Tampico 
embayment have adopted the thesis advocated by Grimsdale and Hegwein and 
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Fic. 7.—Structural map on top of Horcones (September, 1948). 
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Fic. 8.—Structural map on top of Chapopote-Tantoyuca (September, 1948). 
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Barker (of the Aguila’s exploration department), which considered this seiies as 
having several distinct lithological members of equal-time equivalents but with 
different fossil content. Thus, the upper Mesé6n is of the same age as the Coat- 
zintla, but the former, as such, does not appear at Poza Rica and is preserit only 
as far south as the Acontitla well No. 4 (20 kilometers northeast of Poza Rica), 
while the latter crops out on this structure. Although it is not present in this 
area, the Alazan formation bears the same relation to the upper Palma Real as 
does the lower Mesé6n; all three are of the same age, with Alazan facies extending 
only as far south as the Tuxpan River, lower Mesé6n as far south as Acontitla, 
and upper Palma Real at Poza Rica. The lateral transition is due to lithological 
changes while faunally these members are time equivalents of one another. 


LOWER OLIGOCENE 


There is at Poza Rica an average of approximately 360 meters of gray, brown, 
and bluish clays, and sandstones, with intermediate grades of pure calcareous 
and sandy clays belonging to the lower Palma Real formation and to the Horcones 
shales. As a whole, they form an incompetent section that lies unconformably 
over the Eocene (Chapopote-Tantoyuca), (Figs. 7 and 8); both of these forma- 
tions are marine or near-shore in origin. Scarce macrofauna and abundant micro- 
fauna suggest a more marine facies. Typical among the microfauna assortments 
are the following. 

PALMA REAL Inr. 


Rotalia vicksburgensts (Cushman) 
Asterigerina bracteata (Cushman) 
Cibicides aiknerianus (D’Orbigny) 
Cristellaria inornata (D’Orbigny) 
Cristellaria convergens (Barnemau) 
Gyroidina broeckiana (Karrer) 
Nodosarella subnodosa (Giippy) 
Polymor phina inaequalis (Reuss) 
HORCONES 


Rotaliatina mexicana (Cushman) 
Textularia eocena (Giimbel) Cole 
Planulina cocoaensis (Cushman) var. 


EOCENE 


The Chapopote-Tantoyuca is a combined name for two formations which, 
elsewhere in the embayment, appear as different facies of the same formation and 
age. The Tantoyuca appears generally as a molasse whereas the Chapopote is a 
deeper water facies. Since they contain similar fauna, they have not been sepa- 
rated at Poza Rica. As a matter of fact, in some places they are so difficult to 
differentiate that A. R. V. Arellano, former Aguila micropaleontologist, proposed 
the name Chapatan for the undivided formation. Generally in this field it appears 
as a series of gray, bluish gray, pure or sandy calcareous shales and clays, poorly 
lithified and generally massive. 
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Its typical fauna assemblage is as follows. 
Lepidocyclina tuberculata Ms. 
Lepidocyclina (Helicolepidina) paucispira Ms. 
Marginulina cocoaensis 
Operculinoides wilcoxensis (Heilprin) 

The lower contact is apparently conformable with the underlying Guayabal 
shales or at least there is no marked evidence of unconformity. Its thickness 
varies from a minimum of 40 meters to a maximum of 556 meters, but it is be- 
lieved that determinations of the tops of this formation have not been as ac- 
curate as those of other formations. Therefore its variation in thickness must be 
explained as partly due to erosion at the top, during the post-Oligocene hiatus 
and partly due to indeterminate contacts. 


GUAYABAL SHALES 


The Guayabal shales vary in thickness from 100 to 700 meters, with the 
thickest section over the axis of the anticline, whereas on the northeast flank, 
most wells find a thinner section. Whether this is due to post-Guayabal folding 
or, as the writer thinks, due to uplift simultaneous with Guayabal deposition and 
prior to regional tilting, the fact is that apparently the northeast flank of the 
anticline, as we know it now, was, during Guayabal time, the crestal part of the 
anticline. 

This formation shows, very few thin, compact, calcareous sandstone layers. 
Those appearing are generally grayish, and the amount of these layers appears 
in a very subordinate proportion to the shaly section which characteristically 
predominates in this formation. This section is generally massive, gray to brown 
containing gypsum in joint planes which are numerous. 

The following foraminifera are typical of this formation. 


Amphistegina mexicana (Cole) 
Nodosaria mexicana (Cole) 
Lingulina mexicana (Cushman) 
Eponides guayabalensis (Cushman) 
Eponides mexicana (Cushman) 
Planorbulina guayabalensis (Nuttall) 
Uvigerina blanco-costata (Cole) 

Spiro plectammina zapotensis (Cole) 
Robulus mexicana (Cushman) 


CHICONTEPEC GROUP 


The contact between middle and lower Eocene is one of conformity. The 
Chicontepec group has been, in a rather general way, subdivided into upper, 
middle, and lower. The Aguila paleontologists attempted to separate the Velasco 
formation (lowermost Eocene) from the lower Chicontepec, but apparently 
found it impossible and invariably adopted the term Chicontepec-Velasco to 
indicate formations of Chicontepec age at Poza Rica. This group contains thin 
sandstones in a gritty shale section. The upper group has a very compact, thin 
and flaggy sandstone called the “Tanlajds sands,” although they can not be 
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correlated positively in this field. These sands show evidence of oil occasionally 
in drilling wells but have not yet produced commercially. The middle Chicontepec 
is generally determined on the top of a flaggy sandstone, 10 meters thick, which 
may be correlated with the Chalma sandstone beds at the outcrop in the Chicon- 
tepec trough. Below these beds the section is made up mostly of hard, well 
bedded, sandy, calcareous shales with interfingering, tight, thin, sandstone beds 
which here and there show a small amount of gas. 

The lower Chicontepec member is less sandy than the upper members at 
Poza Rica, but elsewhere in the Tampico embayment it contains a sandstone 
section called the Jaco sands. At Poza Rica, this formation shows characteristics 
of deeper-water environment and the interfingering thin sandstones are not as 
prominent as in the section above. On the south flank of the anticline, Poza Rica 
well No. 8 produces oil from a sandstone in the middle Chicontepec which ap- 
parently pinches out near the top of the anticline. On the northeast flank this 
formation is known to contain gas. Few of these sandstone sections in the three 
members of the Chicontepec group appear typically or prominently on electric 
logs, and if they do, very little porosity is indicated. Nevertheless, when it is 
considered that at several locations on the northeast flank, these sandstones have 
caused trouble, during drilling, because of their gas content, it appears that in 
the future this zone may add to the potential commercial production. 

The Chicontepec group varies in thickness from about 450 to 600 meters. It 
is important to note that elsewhere in the Tampico embayment its thickness is as 
much as 1,200 meters. Here again variations are not due entirely to deposition, 
since this formation is known to have uniform depositional conditions elsewhere 
in the embayment. In this particular structure it is probable that the strati- 
graphic data collected are not exact as one of these members does show a shifting 
of the axis from south to north and back to south again as contours are drawn 
on the top of lower, middle, and upper Chicontepec, respectively. 

The following are typical fauna of the Chicontepec group. 

Upper CHICONTEPEC 


Hantkenina chicontepecensis (Nuttall) 

Rectobolivina mexicana var. tenuistrata (Mss) 
Cibicides tuxpamensis (Cole) var. camitlaensis (Mss) 
Discocyclina sp. stephensoni (Vaughan?) 

Textularia aff. goest (Cushman) 


Mw pte CHICONTEPEC 
Bulliminella trihedra (Cushman) 
Cornus pira crestacea (Reuss) 
Giimbelina globulosa (Ehremberg) 
LOWER CHICONTEPEC 
Rotalia beccariformis (White) 
Aragonia velascoensis (Cushman) 
Anomalina velascoensis (Cushman) 
The Eocene-Cretaceous contact is marked with an apparent appreciable un- 
conformity, and a comparison of the structural maps on the top of each formation 
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shows a shift of the axis southwestward with depth. A noticeable divergence in 
contouring of the lower Eocene beds is present northeast of the axis of the anti- 
cline compared with contours mapped on the lower formations. 


CRETACEOUS 
MENDEZ SHALES 


This formation is the highest in the Cretaceous and is Maestrichtian in age. 
It consists generally of gray to blue, and reddish brown, calcareous, hard shales, 
generally thick-bedded to massive but well stratified. Apparent unconformities 
occur between the Méndez and the overlying Chicontepec and the underlying 
San Felipe limestone. The thickness of the Méndez ranges from 30 meters (Poza 
Rica No. 29 and No. 46) to about 250 meters (wells 12 and 87), but its average 
thickness is approximately 140 meters. The abrupt variations are believed to be 
due to erosion. 

In northeastern Mexico, this formation is correlated with the Taylor forma- 
tion of Texas. It contains abundant microfauna and the most typical forams are 
recorded as follows. 


Globotruncana arca (Cushman) 
Globotruncana rosetta (Cassey) 
Globotruncana cénica (White) 
Globotruncana canaliculata (Reuss) 
Globotruncana calcarata (Cushman) 

_ Planoglobulina acervulinoides (Egger) 

Pseudotextularia varians (Rzehak) 
Clavulina trilatera (Reuss) 


The basal contact of the Méndez shales is fairly easy to determine as the drill 
passes from chocolate-colored shales into thin-bedded white limestones somewhat 
weathered. As the drill proceeds into the San Felipe, the limestone flags increase 
in thickness and the shale content decreases. 


SAN FELIPE LIMESTONE 


Elsewhere in the Tampico embayment this formation has been subdivided 
into upper and lower members. In the northern fields, a middle member can be 
recognized. . 

At Poza Rica, the San Felipe has a variable thickness. It is believed that this 
variability is due to erosion to a large extent because at the top of the formation 
a breccia or conglomeratic facies is commonly found. It ranges from 50 meters 
to 150 meters in thickness in different wells on the anticline. The upper part of 
the formation is composed principally of thin-bedded to medium-bedded lime- 
stone flags that have intercalations of either black chert lenses or beds. The 
limestone is generally white although in some places greenish, violet, or pinkish 
thin beds have been recorded. It ordinarily shows no porosity but there are in 
several wells some fractured porous zones containing oil impregnations, and, less 
commonly, gas. 

The writer believes that there is a noticeable angular unconformity at the 
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top of the San Felipe, for although no subdivisions of the formation have been 
made, structure contoured on the top of this formation shows a marked difference 
in the location of the axis when compared with that of the Tamabra below and 
with the Méndez above. 

The thin section of San Felipe on the Poza Rica anticline, if compared with a 
thickness of 300 meters for this formation elsewhere in the Tampico embayment, 
clearly shows that this area was undergoing uplift during San Felipe deposition 
and that erosion has removed part of it during post-San Felipe pre-Méndez time. 

The typical foraminifera are the following. 


Baculogypsina sp. (Galloway-White) 
Baculogypsina(?) 
Lenticulata (White) 


TAMABRA FORMATION 


The word Tamabra, is a combination of the names of the Tamaulipas and El 
Abra limestones. The dense limestone found north and west of the Golden Lane 
was named Tamaulipas from the type locality in the Tamaulipas Mountains, 
northeast of Ciudad Victoria, Tamaulipas. The type locality of the El Abra 
limestone is in the Abra quarry, a few kilometers east of Ciudad Valles, San Luis 
Potosi, on the Valles-Tampico highway. The El Abra is the reef facies similar to 
the porous limestone which produces oil in the Golden Lane. 

The Tamabra at Poza Rica is a mixed facies of the dense and the porous 
limestones. In the recently drilled Poza Rica No. 87, one of the only two to have 
drilled through it, the Tamabra was found at — 2,160 meters. The first 20 meters 
consisted of brown, finely porous, or dense, slightly impregnated, white and 
brownish limestones with some soft streaks but non-productive. Below the first 
20 meters is a porous zone with good oil saturation and high-pressure gas which 
continues to 2,360 meters. It has some breaks of dense, brown limestone from 
2,136 to 2,140 meters, and from 2,332 to 2,258 meters. From 2,260 to 2,353 
meters, whitish, porous, water logged limestone appears, and at that depth 
grayish brown, dense limestone was drilled down to 2,380 meters. At this depth, 
a few beds with black chert and dark shales are present which perhaps could be 
correlated with the Otates horizon of the Tamaulipas limestone at 2,400 meters, 
with some thin breccia horizons near the base. Below this depth, to 2,530 meters, 
brownish dense limestone with some porous thin zones and a few intercalations 
of brecciated limestone was found. Toward the base, this formation becomes 
dark brown, more compact, and very slightly impregnated. 

The total thickness of the Tamabra in this well is approximately 370 meters, 
which is comparable favorably with thicknesses in near-by wells. 

The contact with the Upper Jurassic formations is believed to be conformable 
although there is no positive evidence. 

The typical foraminifera are as follows. 

Dictyoconus 
Miliolidae 
Orbitolina texana (Roemer) 


| 
} 
| ‘ 


1398 GUILLERMO P. SALAS 


UPPER JURASSIC 
PORTLANDIAN 


The Portlandian is represented at Poza Rica by the Pimienta formation. It 
consists of about 140 meters of black, dense limestones with intercalation of 
black, calcareous, bituminous, and somewhat carbonaceous shales. The black 
color apparently predominates, although some of the limestones are dark gray 
and are finely bedded. Some contain small amounts of asphalt. This formation 
contains abundance of ammonites, pelecypods, fish scales, fish remains, and 
carbonaceous matter. The samples obtained from the Pimienta beds have been 
studied preliminarily but as a further check on the identification of the macro- 
fauna, particularly ammonites, a collection has been prepared to be sent to 
Washington, D. C., to be further studied by Ralph W. Imlay. 

The Upper Jurassic sequence shows a marine facies with estuarine facies in- 
tercalated in the sequence. 


KIMMERIDGIAN 
The Kimmeridgian is absent or unidentified in the Poza Rica well 87. 


OXFORDIAN 


Below the Pimienta formation is found a series of redbeds known as the 
Huizachal formation. These redbeds are somewhat altered in this location. There 
are some intercalations of schists that clearly indicate dynamic or igneous meta- 
morphism. 

The topmost part of this section is made up of red shales. Thirty meters be- 
low the top of the Huizachal formation, a series of coarse-grained quartz sand- 
stones and fine gravel approximately 50 meters in thickness is followed by hori- 
zontally bedded red shales and sandstones with thin stringers of red shales that 
indicate an oscillating sea-shore deposit. This sequence extends from 2,700 to 
2,949 meters, at which depth sericitic schists, green-colored and with some rose- 
colored rock fragments, indicate the top of the Lias. 

Some of these sandstones and conglomerates have shown salt water, but one 
is particularly interesting. At 2,980 meters, a large flow of high-pressure salt 
water appeared and it was necessary to increase the weight of the mud con- 
siderably in order to control it. It does not appear impossible that this porous 
formation, if found elsewhere under better structural conditions, could contain 
oil or gas. 


LOWER JURASSIC 


The Lias, in this particular well, appears to be thoroughly metamorphosed. 
The green sericitic schists are followed by green and rose-colored sandstone 
slightly metamorphosed, and at 3,017 meters the section is composed of dark 
green, micaceous, banded schists, which apparently dip at 35°. 

It was not considered necessary to continue the well as the metamorphism 
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SUBSURFACE STRUCTURAL MAP 
TOP OF TAMABRA LIMESTONE 
BY 
G. P. SALAS 


AUG. 1948 
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Fic. 9.—Subsurface structural map, top of Tamabra limestone (August, 1948). 


observed appeared to be of the contact type; therefore, it was drilled to 3,170 
meters and plugged back. This well will be completed in the higher porous zone 
of the Tamabra. 

From the foregoing it is evident that although the Poza Rica structure is an 
anticline in the Tamabra limestone, there is an apparent unconformity at the top 
of the Huizachal. It is possible, therefore, that the structural conditions affecting 
the Jurassic may be altogether different. 


SUBSURFACE STRUCTURE 


Figure g shows the writer’s latest interpretation of the subsurface structure 
on the top of the Tamabra limestone. It differs somewhat from previous in- 
terpretations and some of the originality in this interpretation may not be al- 
together due to structure alone but perhaps to the fact that former determina- 
tions of the top of the Tamabra limestone were not as accurate as would be 
desired due to the lack of information that was gathered previous to the ex- 
propriation. 
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CROSS SECTIONS ACROSS POZA RICA FIELD 


ELIMINATING POST-GUAYABAL AND POST-CHICONTEPEC FOLDING 
HORIZONTAL AND VERTICAL SCALE-1:60 000 
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Fic. 10.—Cross sections, Poza Rica field, eliminating post-Guayaba land post- 


Chicontepec folding (September, 1948). Sections I and II. 
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Fic. 11.—Isopachous map of porous zone in Tamabra limestone. | 
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At present, the structure appears as a plunging nose with its axis oriented 
approximately west and east and plunging east-southeast. The northeast flank 
of the structure, on which there is more control from subsurface information, is 
sharply defined as a fairly steep flank whereas southward and southeastward, 
around wells 8 and 46, the flank is gentle and fairly uniform. The latter feature 
thus may be shown because of lack of control. The essential fact is that only on 
the northeast and southeast parts of the anticline has oil been found. 

It is apparent that porosity diminishes from north to south. Well 66 was 
abandoned due to very poor porosity. Well 8 on the southwest flank found no 
porosity in the limestone and well 46 was also abandoned for the same reason. 
(Well 8 produces from the Chicontepec.) Mecatepec well 26 was also abandoned 
because of lack of porosity and on the extreme west side of the structure in the 
original Mecatepec structure, well 6, also drilled to the Tamabra, found in- 
sufficient porosity. There is marked evidence that porosity in the Tamabra must 
be present toward the west, north of the old Mecatepec wells 4 and 5. 

Sections I and II (Fig. 10) were drawn to remove post-Guayabal and post- 
Chicontepec folding from the structure. It is the writer’s belief that during 
Turonian time the folding of the limestone had a different crest from that shown 
at various later periods and that regional tilting must have caused the porous 
zone to be shifted from the ancient crestal area to the northeast flank. The sec- 
tion shows that during pre-Méndez time the structure had two culminations en 
the limestone, partly due to deposition of reef facies, or bioherm, and partly due 
to incipient folding. In order to explain the location of the porous zone, it must be 
assumed that during the deposition of the bioherm and the detrital material 
that caused the different porous zones found in the Tamabra at Poza Rica, there 
must have been oscillating continental movements that permitted cyclical up- 
lifts and submersions of the landmass to allow deposition of bioherm that would 
permit subareal erosion, and subsequently deposition of dense limestone, the 
cycle being repeated several times. 

Porosity apparently was also affected by changes of temperature in the water 
which affects the MgCO; content. Some studies have indicated a direct propor- 
tion between porosity and CaMgCo; content, so that apparently dolomitization 
does have a direct relation to porosity. As the mineralogy and crystallography 
of the Tamabra limestone have not been exhaustively studied, little is known 
about the real cause of porosity. 

The cross sections are drawn on the base of the Guayabal and the base of the 
Chicontepec as datum planes, because it is apparent that the main folding 
periods occurred after the Guayabal and after the Chicontepec. A structural map 
on the top of the Guayabal shows a monocline dipping northeast, and although 
it is realized that the paucity of data may account for its lack of expression, it 
does not reflect the subsurface structure below the Guayabal and shows a high 
area southwestward. Therefore, it is apparent that during Guayabal time, or 
previous to Tantoyuca, a major unconformity underlay this area. 
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The fact that the Guayabal shows larger thicknesses on the actual axis of the 
anticline and thinner over the northeast flank above the porous zone, indicates 
that regional tilting in post-Guayabal time shifted the old axis in the Tamabra 
northeastward where it is now mapped. Therefore, it is believed that the major 
regional tilting of this whole section of the country took place in post-Guayabal 
time, probably previous to the major Oligocene transgression. 

The fact that at Poza Rica no Aragén is present, indicates that this region 
was undergoing an uplift during post-Chicontepec time. Elsewhere in the 
Tampico embayment, at the Aragén structure and at Tlacolula, 30-40 kilometers 
northeast of Poza Rica, the Aragén shows a thickness of 173 meters and the 
Chicontepec thicknesses of 1,405 meters at Aragén well 1, and 1,080 meters at 
Tlacolula well 10. The excessive thickness found there as compared with that 
found at Poza Rica, and the fact that the Méndez shales and the San Felipe are 
also thinner at Poza Rica, indicate that the area northwest of Poza Rica was 
apparently also a Cretaceous trough and too far down in the Chicontepec trough 
during Cretaceous time to permit the deposition of a bioherm; hence the lack of 
porosity in that area. 

An isopach map of the porous zone, as known today, shows clearly that the 
thickest section occurs at Zone II (Fig. 11), approximately in the central part of 
the anticline around wells 51, 26, 27, and 57. The cross sections (Fig. 10) suggest 
that the bioherm was deposited in a shallow saddle between two culminations 
in the anticline and therefore the thickest part of the bioherm must have occurred 
precisely at that particular spot which shows the Tamabra to be highest in 
Albian-Cenomanian time. Apparently the Tamabra was high because of folding 
and reef formation. 

In sections IIT and IV (Figs. 12 and 13), the writer has attempted to correlate 
both sample analysis and electric-log data across the structure of Poza Rica. The 
sections show two major porous zones in this structure: the higher, approximately 
200 meters thick, with two interbedded dense zones, the thicker of which is 10-30 
meters, and the other somewhat thinner. The lower porous zone lies below a 
thick dense section of approximately 70 meters thick which separates the higher 
from the lower porous zone. Most wells have been completed in the thick 
dense zone. The lower porous zone is approximately 180 meters thick and has 
three interbedded dense zones with thicknesses ranging from 20 to 40 meters. 
The upper porous zone is the one producing at present. Its porosity and perme- 
ability are evidently higher than those of the lower porous zone. Recent tests 
have demonstrated the presence of heavy oil and some gas in these lower porous 
zones, but they are not yet conclusive about potentiality of the second zone as 
being productive. It is premature to cast a definite opinion although it may not 
be too optimistic to expect commercial production from this heretofore un- 
productive zone. 

Another feature shown in these sections is that although the dense zones are 
somewhat lenticular they can be correlated in some places. In wells 60 and 65 
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a second dense zone, below the first one found on the top of the Tamabra, does 
not continue across from wells 60 to 65 and through to Mecatepec well 15, but 
other dense sections are continuous across the anticline. 

The writer believes that the lateral variation of permeability and the con- 
tinuity of correlation of some dense zones across the structure may support the 
thesis (1) that there may be water levels in some wells that are separated com- 
pletely from the other porous zones, thus explaining erratic pressures observed, 
(2) that the lowest zone may contain oil under different trapping conditions 
than those known at present, and (3) that therefore it could be possible to pro- 
duce from it in the future. Both the porous and dense limestone zones reflect 
folding of the Tamabra fairly well. 


FIELD OPERATIONS 


The operations in the Poza Rica field are generally in keeping with the best 
producing standards used throughout the petroleum industry in the United States 
and abroad. 

The field is being operated as a unit in such a manner that all produced oil 
is flowed, with its gas content, to four separator batteries located as shown on 
Figure 2, each separator battery consisting of a high- and low-pressure separator 
system, the latter being used for handling those wells which can not flow against 
the high-pressure separator system. 

A gasoline plant has been constructed during the last 2 years and is now 
handling the gas from the low-pressure separators by means of compressors which 
are used for that duty. On the other hand, high-pressure gas wells deliver their 
load directly to the gasoline plant through a high-pressure pipeline system. 

Average daily gas production in 1937 was 50,435,000 cubic feet and at present 
it is 83,151,056 cubic feet. In 1933 absorption plants were built to separate casing- 
head gasoline. In 1947, a new 100,000,000-cubic-foot plant was completed, pro- 
ducing 150,000 gallons of gasoline per day. 

All the gas is measured by standard orifice meters and each well is supplied 
with an individual meter. By this method a complete check may be made at any 
well at any time, and valuable information for analysis or reservoir performance 
may be available when needed. 

The oil from each well is gauged separately by an orifice meter, after which 
it is delivered to the central receiving and terminal pipeline pumping station on 
the Poza Rica-Mexico City oil pipeline. 

Due to the irregular and hilly terrane at Poza Rica, it has been possible, by 
proper spacing of batteries, to move the oil from all the separators through oil 
meters to the central pipeline station by gravity, thereby eliminating pumps and 
greatly simplifying production operations. This has kept operating costs at a 
minimum. 

The original spacing program called for 750 meters separation between wells. 
Recent calculations have shown that this separation of wells is in excess of the 
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adequate spacing to increase the ultimate recovery from the field. Intermediate 
well locations will be drilled to increase daily production and ultimate recovery. 

From 1930 to 1934, casing programs called for 183-inch casing to be cemented 
at 190 meters, 13-inch at 800 meters, g§-inch at 1,700 or: 2,000 meters. Pro- 
duction came from the open hole, but in some wells a 43-inch perforated liner was 
cemented. In 1934 and to 1945, economic conditions and lack of pipe caused a 
change of casing program and 13-inch casing was cemented at 300 meters, 9§- 
inch at 1,100~-1,200 meters, and 63-inch at 2,100-2,300 meters with an open hole 
or a 43-inch liner used as before. From 1945 to 1946 the program was redesigned 
and 9§-inch pipe was cemented at 600 meters, and 6g-inch casing was cemented 
just above the top of the first thin, dense, limestone zone of the Tamabra lime- 
stone. From 1946 to 1948, the program was again redesigned and 9§-inch casing 
was cemented at 800 or goo meters and 63-inch or 6-inch, according to the casing 
available, was cemented at the base of the upper porous zone or at the top of the 
thick dense limestone zone; later, perforating could selectively be used to produce 
from the different porous zones. This is the standard practice today. 


INITIAL PRODUCTION 


Initial production was started with the gas produced by Poza Rica well 2 
(1.5 million cubic feet, 9 days after its completion on May 2, 1930), which was 
used for local needs during the first 3 years of the life of the field. Unfortunately, 
the gas not used was wasted because of lack of appropriate repressuring installa- 
tions or marketing facilities. 


RESERVOIR CONDITIONS 


Initial pressure—Initial pressures were not accurately recorded at first but 
have been recently computed by J. Hefferan and A. Castellanos R. by several 
different methods. One made use of the pressure gradient, productivity index, 
and recovery, from which an initial field pressure of 231.2 kgs. per sq. cm.® was 
obtained. From the method which makes use of bottom-hole and surface shut-in 
pressure ratios, and by using data from wells with high gas-oil ratios, and by 
knowing the initial pressure at the surface in Poza Rica well 2, initial pressures 
are calculated as ranging from 233.4 to 218.8 kgs. per sq. cm. The use of other 
methods determined initial pressures as high as 242 kgs. per sq. cm. With respect 
to the different results obtained, a conservative initial pressure of 232 kgs. per 
sq. cm. for the field was considered to be a fair estimate for all practical purposes. 
Pressure surveys practiced in 1942 and 1948 show changes effected because of 
withdrawals (Figs. 14 and 15). 

Water saturation —The connate water content must also be estimated, as few 
direct observations are possible from cores, due to the paucity of recoveries while 
coring the Tamabra limestone. 

The effective permeabilities that were actually | varied from 2.1 to 
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93-9 millidarcys which in turn correspond with 0.4 to 14 per cent H2O saturation 
range; therefore, in order to be conservative for reserves computations, an H2O 
saturation factor of 15 per cent was adopted. 

Original salt-water level —This level is estimated to have been — 2,270 meters. 
It was not observed or recorded originally because no well was drilled through to 
the oil-water contact. The lowest producing well is No. 19 at — 2,217 meters, and 
the highest, Mecatepec well 21 at —1,945 meters. 

Original oil volume.—By volumetric calculations, it is estimated that the origi- 
nal oil-volume content in the field, with an assumed porosity factor of 10 per 
cent, was 452 million cubic meters.’ 

Original gas volume.—Here also by approximate calculations, with volume 
estimations at one atmosphere pressure and 20°C., the original gas-content in the 
gas cap was 8,292 million cubic meters, but the more conservative Schilthuis’ 
“residual-matter’”’ method showed a porosity of 10.62 per cent and therefore an 
original gas volume of 4,820 million cubic meters. The latter figure was used in 
the computations of future behavior of the field for its development after 1947. 
The gas cap is considered at present to be approximately 180 meters thick. 

Water encroachment.—According to the latest calculations, during 1946, the 
exploitation of the field permitted a safe water advance estimated at 3,145,000 
cubic meters or an equivalent of 54,200 barrels per day. This rate of encroachment 
allowed a safe rate of production of 32,300 barrels per day with a gas-oil ratio of 
160:1. This rate of production could be raised to 38,000 barrels per day by lower- 
ing the gas-oil ratio to 12071. 

Porosity and permeability Although it has been difficult to recover cores 
of the limestone in this field, the few that have been studied indicate that an 
estimated average porosity of 19 per cent or more may be given for most of the 
porous zones producing at Poza Rica. 

However, the porosity on the structure varies widely both vertically and 
laterally so that it is not predictable, except for intermediate locations. 

Permeability is also variable. Due to the scarcity of cores recovered in the 
porous zone, very few calculations have been possible. Nevertheless, oil produc- 
tivity factors, together with a few laboratory calculations, have shown a range of 
permeability from 2.13 millidarcys in Poza Rica well 3 to 93.88 millidarcys in 
Poza Rica well 34. The part of the field with the highest permeability thus ob- 
served, lies approximately on the crestal area of the anticline, while the north- 
western part indicates somewhat lower permeability and the southeast flank has 
the lowest permeability. 


FUTURE DEVELOPMENT 


The possibility of increasing production at Poza Rica has been foreseen. As 
already stated, the spacing program was not the most adequate to obtain the 
highest possible ultimate recovery. Therefore, in the future, intermediate loca- 
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tions will be drilled still with an adequate spacing so as not to have well inter- 
ference. This will increase daily and ultimate production. To that effect, studies 
have been made to find the best method to produce the field with or without in- 
jection of gas, taking into consideration water encroachment and pressure varia- 
tions, ef cetera. It has been calculated that when a pressure of 130 kgs. per sq. cm. 
has been reached, production can be adjusted in such a way that a constant pres- 
sure thereon can be maintained for the life of the field, and that it will be aban- 
doned when the oil-water ratio comes up to 1:3. Those are the figures at present, 
but it is premature to say whether this will be the final outcome of production at 
Poza Rica, since new developments in crude processing may make it advisable 
to continue producing even with such high oil-water ratio. 

In order to maintain and increase daily production of 125,000 barrels per day 
or over, it will be necessary to drill additional wells until the ideal 130 kgs. per 
sq. cm. pressure is reached. This, of course, includes also a wide program of well 
repairing and pressure maintenance. 

A table for different production programs with different gas-oil ratios and 
different pressures has been calculated in such a way that production may be in- 
creased at any time if national economic condition or continental defense de- 
mands it, and a proportional number of wells could be drilled and pressures and 
gas-oil ratios arranged in such a way that the field will not suffer in its ultimate 
recovery from such an increase in its daily production. 

It has been calculated that Poza Rica had an initial reserve of 1,200 million 
barrels of oil, of which 294,507,656 barrels have been produced, and that its 
actual estimated reserve is 905,492,344 barrels. 


CONCLUSIONS 


There are still problems to be solved at Poza Rica and technical aspects of 
the structure remain to be studied. 

From what has been stated in the chapter on stratigraphy and structural 
history, it can be implied that porosity at Poza Rica is due to the fact that the 
structure was high during Albian time and that this was a factor controlling bio- 
herm deposition. Other structures that appear to be as well folded as Poza Rica 
and that have been found without porosity in the Albian-Cenomanian limestone, 
apparently were not arched or high during that time, and therefore a bathyal 
facies was deposited as dense limestone. Another characteristic at Poza Rica, 
not found elsewhere, that indicates special structural conditions, is the absence 
of Aragén deposition, which indicates that the structure was also high during 
Aragén time. Other structures in the embayment that have found Aragén, show 
no porosity in the Albian-Cenomanian limestone. This apparently indicates a 
cyclical repetition of folding; that is, if a structure was high during Albian- 
Cenomanian time and remained high during lower Eocene time, it may indicate 
that porosity will be found in it. However, those structures, which upon being 
drilled show a complete section and a thick Chicontepec section, can be readily 
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condemned or graded as non-productive and thereby abandoned without further 
investment. 

If the proposed thesis is accepted that regional tilting occurred in post- 
Guayabal time and the major tilting during the Oligocene transgression, this also 
is a fact that should be taken into consideration when structures elsewhere in the 
Tampico embayment are studied. 

Since porosity is a main factor governing accumulation in the Albian- 
Cenomanian limestone of the Tampico embayment, it would be highly interesting 
and profitable to start special sedimentary studies on the origin of porosity, not 
only at Poza Rica, but elsewhere in the embayment. 

Finally, it is believed that the Chicontepec sands found productive at San 
Miguel Mecatepec wells 4 and 5, that have shown high gas pressures and oil in 
some of the Poza Rica wells and commercial production at Poza Rica well 8, con- 
stitute another potential productive formation that must be explored when it is 
deemed necessary. In this respect, the writer emphasizes the importance of ob- 
taining more stratigraphic and structural data from Tertiary formations, as a 
clue to learning structural history of structures that may be found in the future. 
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MESOZOIC IGNEOUS ROCKS OF NORTHERN 
GULF COASTAL PLAIN! 


C. L. MOODY? 
Shreveport, Louisiana 
ABSTRACT 


Studies of the outcrop areas of igneous intrusions in the Texas, Arkansas, and Georgia portions of 
the Gulf Coastal Plain furnish clues which simplify interpretation of igneous rocks found in deep 
well samples in the Mississippi Embayment. Many of the known centers of later Mesozoic igneous 
activity, both outcropping and buried, are apparently the sites of ancient volcanoes which furnished 
to the depositional basins significant amounts of pyroclastic débris now in part preserved in the early 
and middle Gulf Cretaceous strata. Dikes transect the older sedimentary rocks in the vicinity of the 
eruptive centers. The earliest igneous rocks of the northern Coastal Plain may bear a Triassic date; 
the latest were emplaced in late Austin or early Taylor time. 


INTRODUCTION 


More than a hundred of the thousands of exploratory wells which have been 
drilled in search of oil and gas in the northern Gulf Coastal Plain have penetrated 
Mesozoic igneous rocks. Virtually every well in western Mississippi and in eastern 
Louisiana which has been drilled through the Upper Cretaceous section has 
pierced beds which are in part, at least, composed of fragmental igneous rocks 
produced as lapilli or ash in the throats of volcanoes which dotted the late 
Mesozoic landscape. Oil and gas have accumulated within neighborly proximity 
of certain of the eruptive centers and have not shunned the strata which contain 
the explosive end-products of violent volcanism. Hence, some knowledge of the 
occurrence and nature of the buried igneous rocks is desirable equipment for 
Coastal Plain petroleum geologists and is not without scientific value in the 
broader fields of geologic activity. It is hoped that this paper will contribute to 
that knowledge. 

LITERATURE 


The outcropping Mesozoic igneous rocks of the Coastal Plain have been 
studied and described by many geologists. The articles pertinent to the subject 
of this paper are mentioned briefly here. A lengthier list of selected references is 
subjoined. 

G. I. Adams and others have referred to the Triassic(?) certain diabase dikes 
which occur in southwestern Georgia and southeastern Alabama. 

Peridotitic dikes, intruding Carboniferous strata in western Kentucky and 
southern Illinois, have been described by L. W. Currier. 

An extensive literature dealing with the igneous rocks of Arkansas has arisen 
because of the rare rock types and varied mineralogy which characterize the oc- 


1 Read before the Association at Biloxi, October 25, 1946. Manuscript received, May 4, 1949. 

2 Division geologist, The Ohio Oil Company. Published by permission of The Ohio Oil Company. 
The writer welcomes the opportunity of thanking his friends and colleagues, toonumerous to mention 
individually, who, during the past 25 years have aided him, not only in accumulating igneous 
90 samples from wells, but also in stimulating his thinking by lending constructive criticism in 
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currences in the Little Rock-Hot Springs area. The pioneer study was published 
in 1891 by J. F. Williams in that petrographic masterpiece entitled ““The Igneous 
Rocks of Arkansas.” Other significant contributions to the subject have been 
made by Branner, Washington, Purdue, Miser, Ross, Lloyd, Croneis, and 
Billings. The literature of mineralogy is replete with references to and descrip- 
tions of the minerals of Magnet Cove. The diamond mine of Pike County has 
inspired many articles, the most informative of which is the description by Miser 
and Purdue in “The Geology of the DeQueen and Caddo Gap Quadrangles, 
Arkansas,” where succinctly stated evidence is presented demonstrating that 
the diamond mine is the site of an early Upper Cretaceous volcano. In the same 
year, 1929, Ross, Miser, and Stephenson published a paper entitled ‘‘Water- 
Laid Volcanic Rocks of Early Upper Cretaceous Age in Southwestern Arkansas, 
Southeastern Oklahoma and Northeastern Texas,” in which it is made clear that 
significant amounts of volcanic detritus were abundantly supplied to the early 
Upper Cretaceous basins of deposition through the agency of explosive activity 
originating in contemporaneous volcanoes. 

The Balcones fault region of Texas is a fourth area of Mesozoic igneous ac- 
tivity within the Coastal Plain. Lonsdale’s monographic treatment of the igneous 
petrology of this province leaves little to be desired. 

Papers describing individual occurrences of igneous rocks in Northern Coastal 
Plain wells have been written by Bramlette, Campbell, Monroe, and others. 


SURFACE SETTING 


Believing that surface knowledge is the key to subsurface understanding, the 
writer approaches the discussion of the occurrence and nature of the Mesozoic 
igneous rocks found in deep wells by way of a brief review of the surface oc- 
currences of related rocks with which he is familiar. 

Triassic (?) diabase—The Appalachian Triassic is made up of great down- 
faulted blocks of continental sediments in which are embedded tuffs and basalt 
flows, many of which are intruded by dikes and sills of diabase. Triassic rocks are 
certainly known only as far south as North Carolina, but in southwestern 
Georgia and southeastern Alabama several diabase dikes, intruding ancient 
crystallines, have been mapped as trending almost perpendicularly to the strike 
of the folds and faults of the Appalachian system. One at Talbotton, Georgia, 
passes unconformably beneath the basal gravels of the Tuscaloosa formation. 
Another occurrence at Macon, Georgia, is similar. Near Oak Bowery, Chambers - 
County, Alabama, fresh diabase appears in dikes striking north-northwest; ex- 
cept for the absence of Cretaceous formations, this occurrence resembles the 
more closely dated ones in Georgia. In fresh specimens the diabase is dark bluish 
gray. Under the microscope, it is seen to be a holocrystalline rock made up of 
laths of labradorite with the interstices occupied by clinopyroxene. Granophyric 
intergrowths are present, but are not prominent. The age of these dikes has been 
tentatively fixed as Triassic(?) ‘because diabase is common as a Triassic in- 
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trusive and because field evidence establishes the time of emplacement to be in 
the interval between the close of Appalachian orogeny and the beginning of 
Upper Cretaceous deposition. 

Missouri, Illinois, and Kentucky—kIn southeastern Missouri, southern 
Illinois, and southwestern Kentucky occur many thin peridotitic dikes and sev- 
eral volcanic vents. The igneous rocks were irrupted into the relatively flat-lying 
Paleozoic strata of that region. The youngest strata penetrated by the dikes are 
of Mississippian age; the igneous activity, therefore, took place in post- 
Mississippian time and may well have been a Mesozoic event. 

Alkaline intrusives of Arkansas—Between Little Rock’ and Hot Springs, 
Arkansas, occur four small stocks of nepheline syenite and associated dike rocks 
which have intrigued petrographers throughout the world. The largest stock, 
known as Fourche Mountain, is located directly south of Little Rock. Here a 
mass of holocrystalline granitic rock has been intruded into the closely folded 
Paleozoic sediments of the Ouachita Mountain system. Following its solidifica- 
tion from magma in the plutonic environment, uplift and erosion ensued and 
the crystalline intrusive was extensively exposed at the surface before the be- 
ginning of Paleocene time. The Midway formation (Paleocene) lies unconform- 
ably on the eroded surface of the plutonic rock composing the south flank of the 
stock. Fifteen miles southwest of Fourche Mountain, near Benton, small areas of 
nepheline syenite crop out as inliers in a sandy terrane developed on early Eocene 
formations. The highly important bauxite deposits of the state center around 
and are genetically related with the development of the eroded surface of the 
syenite in the two areas. Twenty miles west and slightly south of Benton is Mag- 
net Cove where an elliptical, stock-like mass of nepheline syenite, 2} miles in 
diameter, has been intruded into the sharply folded sediments of the Ouachita 
Mountains. Six miles west of Magnet Cove is the much smaller but quite similar 
Potash Sulphur Springs intrusion. The nepheline syenite found in the Arkansas 
stocks is typically composed of alkali feldspar and nepheline as principal con- 
stituents plus subordinate amounts of pyroxene and dark mica; it varies in tex- 
ture from hypidiomorphic granular to holocrystalline porphyritic. Variations in 
the abundance and nature of the light-colored minerals on the one hand, and of 
the dark ones on the other, give rise to rock species ranging from quartz syenite 
to jacupirangite. Dike rocks are abundant; they fall into two categories, the 
tinguaites and the monchiquites. Three rocks originally named from the Little 
Rock region are: pulaskite, a nepheline syenite with trachytic texture; fourchite, 
an olivine-free monchiquite; and ouachitite, a fourchite containing abundant 
biotite. It is uncertain as to whether or not the magma from which the alkaline 
rocks crystallized reached the surface and gave rise to volcanic phenomena at 
the sites of the stocks, but farther north in Perry and Conway counties, certain 
small areas of breccias, described by Croneis and Billings, are possibly interpret- 
able as volcanic vents. Inasmuch as all the fragmental igneous rocks in the 
breccias are of the plutonic or hypabyssal habit and, since no volcanic débris 
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has been identified in the matrix, it is not certain that magma reached the sur- 
face by way of these vents. The age of the alkaline intrusives can not be closely 
determined by local field evidence. The rocks were emplaced after the completion 
of Ouachita orogeny and were exhumed by erosion in pre-Tertiary time. Because 
of their petrologic affinity with closely dated pyroclastics embedded in the Coastal 
Plain sediments, they are thought to have been formed in early Upper Cretaceous 
time. 

Arkansas diamond mine.—Three miles southeast of Murfreesboro, Pike 
County, Arkansas, are four small areas of outcrop of peridotite in the weathered 
portion of which diamonds have been mined. The peridotite is made up of olivine, 
now largely serpentinized, brown mica with some augite and some rhombic 
pyroxene and carries as accessories perovskite, magnetite, and other opaque 
minerals. It occurs in two forms, namely as a holocrystalline porphyritic intrusive 
and as a pyroclastic which grades from volcanic breccia to medium-grained tuff. 
In the coarser pyroclastic facies, fragments of norite, gabbro, and other basic 
feldspathic rocks are found. The peridotite has intruded clay of the Trinity 
group and is, therefore, post-Lower Cretaceous in age; hence, the associated 
peridotite tuff was fabricated in a Cretaceous volcano. 

Pilot Knob and Balcones fault region, Texas.—Seven miles southeast of Austin 
stands Pilot Knob, a rounded hill of limburgite or peridotite. It is the site of a 
mid-Cretaceous submarine volcano which contributed small amounts of pyro- 
clastic débris to the waters in which the Austin chalk was accumulating. The 
chalk near the eruptive center contains abundant serpentinized fragments which 
were derived by explosive activity from congealing magma. The extensively 
altered rock of the volcano originally consisted largely of olivine and pyroxene 
occurring as closely packed phenocrysts in a holocrystalline groundmass; it is 
now almost entirely changed to serpentinous minerals which commonly preserve 
the outlines of the replaced crystals. Serpentine of a similar nature and probably 
of the same origin is found to be a reservoir rock in which oil and gas have ac- 
cumulated in Thrall, Lytton Springs, and other oil fields of southeastern Texas. 
In the region of the Balcones fault southwest of Austin many small stocks, dikes, 
and sills of peralkaline and basic rocks have been intruded through Cretaceous 
formations. Irruptive activity may have continued from late Mesozoic well into 
Tertiary time in this province. 

Water-laid volcanic débris——Surface studies of the northern Coastal Plain 
sediments have demonstrated that widespread distribution of phonolitic lapilli 
and ash was accomplished in early Upper Cretaceous time and was repeated 
after a quiescent interval, but on a somewhat reduced scale, in mid-Upper 
Cretaceous time. The Woodbine sediments of Texas contain small percentages 
of eruptively derived volcanic débris; the Woodbine of Oklahoma and Arkansas 
contains enough of the same material to justify the classification of certain beds 
as tuffs. The Tokio formation of Arkansas and the Eutaw and Tuscaloosa forma- 
tions of Mississippi contain beds of tuffaceous sandstone which closely resemble 
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both megascopically and microscopically the better known Woodbine pyroclastic 
accumulations. An occasional lapillus can be found in the sandy portions of the 
Ozan and Brownstown formations of Arkansas. The petrographic nature and the 
distribution, both vertical and horizontal, of the igneous débris contained in the 
outcropping formations of the northern Coastal Plain seem to establish the 
fact that eruption of volcanic rock was widespread in that area during early 
and middle Upper Cretaceous time. 

Evidence derived from exploratory well data shows that the igneous activity 
made manifest in the surface outcrops, was not limited to the margins, but also 
occurred in a large sector of the northern Coastal Plain which is now under deep 
Tertiary and late Upper Cretaceous cover. 


IGNEOUS ROCKS IN DEEP WELLS 


Nature of material—lIt is from a study of drill cuttings obtained from deep 
wells that many of the subsurface occurrences of igneous rock have become 
known. Although cuttings do not furnish ideal material for petrographic study, 
particularly if coarse-grained igneous rocks are present, a surprising amount of 
information can be obtained from quite small samples. In expert hands excellent 
thin sections of aphanitic rocks can be fashioned from only a few cubic milli- 
meters of material.* Many igneous rocks have been cored and the specimens ob- 
tained through this technique yield information which is limited only by the 
nature of the rock and the prowess of the investigator. But, at best, complete 
knowledge of the petrology of an igneous body, especially the factors determining 
its size and shape classification, can never be realized from the scanty data 
afforded by one or two borings. Because of the discontinuous nature of igneous 
bodies, deep-well information, which yields a third dimension to the strati- 
grapher, supplies only one incomplete dimension to the igneous petrologist; 
length, breadth, and thickness, too, must be inferred from independent sources. 
One consequence is that texture, commonly the only property that can be deter- 
mined, becomes of utmost importance to the subsurface geologist who would 
attempt an interpretation of well samples containing igneous rock. 

Depth range-—Mesozoic igneous rocks have been found in wells at depths 
ranging from a few hundred feet to a maximum of 11,418 feet. Determination of 
the depth of cover under which the intrusive masses were emplaced is dependent 
on interpretation of regional stratigraphy and geologic history and is, therefore, 
speculative. Minimum values are usually measurable directly from the well logs; 
true values can be arrived at only by evaluating unconformities in terms of thick- 
ness of rock removed by erosion. 

Method of study.—Routine study of igneous rock samples from wells involves 
preliminary examination under the stereoscopic microscope, the selection of 
suitable material for thin sectioning, the preparation of ‘thin sections, and the 


3 W. Harold Tomlinson, Springfield, Pennsylvania prepared all the thin sections used by the 
writer in this investigation. 
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microscopic determination of texture and mineral composition as revealed in the 
thin section. The data obtained usually enable one to place the rock in a general 
classification scheme and to draw tenable conclusions concerning its history. 


PLUTONIC ROCKS 


Rocks of holocrystalline granular texture have been found in ten Coastal 
Plain wells in Arkansas, in one in Tennessee, and in two or three in the vicinity 
of Jackson, Mississippi. They are discussed in their approximate order of in- 
creasing basicity. 

Quartz-syenite——Quartz is a rare mineral in Coastal Plain igneous rocks. A 
miarolitic quartz syenite occurs in the Fourche Mountain complex. In The 
Texas Company’s Gay No. 1 in Ashley County, Arkansas, a quartz-bearing 
syenite was found unconformably underlying late Upper Cretaceous beds. The 
rock is composed of microcline and biotite with quartz, augite, apatite, and mag- 
netite as accessories. Some of the quartz occurs in granophyric intergrowth which 
suggests that assimilation of siliceous country rock has occurred. In the near-by 
Seaboard Fee wells quartz-bearing syenite, which approaches a granite in com- 
position, was cored; it consists of orthoclase, microperthite, oligoclase, biotite, 
and hornblende with small amounts of quartz and magnetite. Here, too, some 
of the quartz is granophyric, but some of it is also seemingly a primary con- 
stituent. 

Syenite—In Desha County, Arkansas, the Columbian Gas Company’s Vic- 
toria Cross Lumber Company test near Dumas drilled into a normal syenite at a 
depth of 4,875 feet. The rock consists of sericitized alkali feldspar, oligoclase, 
brown hornblende, and pale biotite with accessory magnetite and abundant 
euhedral apatite. In Tipton County, Tennessee, the Pure Oil Company’s 
McGregor No. 1 was finaled in similar rock. 

Nepheline syenite (?).—The presence of nepheline syenite is suspected, but not 
proved, in three wells located near Jackson, Mississippi. Extensive kaolinization 
and sericitization make a close determination impossible, but the texture, the 
survival of large crystals of biotite and apatite, together with the close associa- 
tion with hypabyssal nepheline-bearing rocks, are in harmony with such refer- 
ence. 

Augite syenite——In Chicot County, Arkansas, a coarse plutonite, cut by a 
minette dike, was cored in The Texas Company’s Hammond No. 1 well. It is 
composed of augite, alkali feldspar and biotite; large apatites, a little garnet, and 
euhedral magnetite are accessory. 

Pyroxenite—The first plutonic rock discovery in a Coastal Plain well was 
made in 1927 in the Shafer Oil Refining Company’s Youngblood No. 1 in Grant 
County, Arkansas. It is a greenish black, lustrous rock which, under the micro- 
scope, is seen to be composed almost entirely of augite and diallage with a little 
magnetite. 

Peridotite——In Cleveland County, Arkansas, the Arkansas Natural Gas 


Sig 
5 
| 
| 
Ne. 
| : 


1416 C. L. MOODY 


Company’s Tate well was completed in a dark, granular intrusive rock found 
under about 250 feet of somewhat metamorphosed Paleozoic sediments which 
lie unconformably beneath late Upper Cretaceous strata. It is a peridotite made 
up of serpentinized olivine, some augite, phlogopite, magnetite, and the rare 
mineral perovskite. 

No feldspathoids have been found in the plutonic rocks discovered in northern 
Coastal Plain wells. The link which would complete the chain of evidence con- 
necting the deep well syenites with the feldspathoidal rocks of the Little Rock 
area still awaits discovery. 


HYPABYSSAL ROCKS 


Dike rocks are relatively abundant in the Coastal Plain province. Five types 

have been identified. They are trachyte-porphyry, tinguaite, nephelinite, 
monchiquite and diabase. In view of their close association with alkaline syenites 
throughout the earth, rocks of the first four groups may be regarded as es- 
sentially complementary dike types produced by late differentiation of a parent 
peralkaline magma. Diabase is the product of crystallization of basaltic magma 
under hypabyssal conditions and is regarded as genetically unrelated to the 
alkaline rocks. 
+ . Trachyte porphyry—Among the most abundant of the dike rocks is a por- 
phyritic, feldspathic species with well developed trachytic texture. Sufficiently 
fresh material to permit a closer designation than trachyte porphyry has not been 
found. Phenocrysts of sanidine and rare pyroxene are scattered through a ground- 
mass made up of orthoclase crystals arranged in a sub-parallel manner; a little 
interstitial glass may be present. Feldspathoids have not been identified; if 
present, they are occult in the residual glass. Apatite and titanite are common 
accessories. Typical occurrences of the trachyte porphyry are in Furlong’s Clark 
No. 1 well in eastern Morehouse Parish, Louisiana, and in the United Gas Com- 
pany’s Lenhart No. 1 in Sharkey County, Mississippi. 

Tinguaite——Similar in appearance to the trachytes are feldspathoidal por- 
phyries which ordinarily carry megascopic prisms of bright green aegirite scat- 
tered through a light gray feldspathic matrix. Nepheline in subhedral crystals 
is the only common feldspathoid; sodalite and hayunite are present, but are no- 
where abundant; leucite is absent. In the fresher tinguaites, such as the one 
found in the Gulf Refining Company’s Hamilton No. 1, located near Jackson, 
analcite, seemingly primary, is a prominent mineral; magnetite, apatite, melanite, 
and titanite are the principal accessories. 

Nephelinite.—In three wells in the vicinity of Jackson occur dike rocks con- 
sisting of euhedral nepheline in large and small crystals with some augite and 
brown hornblende. In composition this rock is intermediate between the light 
gray tinguaites on the one hand, and the black monchiquites on the other. 

Monchiquite.—A typical monchiquite is a black, hypocrystalline, porphyritic 
rock consisting of pyroxene and olivine phenocrysts distributed through a 
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groundmass of small pyroxenes and interstitial glass. One of the best known 
underground occurrences of such a rock is in The Ohio Oil Company’s Jerome 
Lumber Company No. 1, located in the extreme southeastern corner of Drew 
County, Arkansas. Cores cut in this well from depths between 3,445 and 3,742 
feet reveal a perfect gradation from red, lateritic, augitic volcanic rock to fresh 
monchiquite. Late Upper Cretaceous sand lies unconformably on the weathered 
upper surface of the igneous rock. 

Fourchite—A common dike-rock type in the alkaline province is the black, 
olivine-free monchiquite which has been named fourchite from Fourche Cove, 
where it occurs as a central augitic core in the nepheline syenite of Fourche 
Mountain, Arkansas. Dikes of fourchite have been penetrated in six or more 
Mississippi wells. A feldspathic variant was found in two dikes in the Union 
Producing Company’s Crossett Lumber Company No. E-1, a pioneering wildcat 
in Ashley County, Arkansas. The dikes are intrusions in the thick, uncorrelated 
“tedbed”’ section which underlies the Jurassic(?) salt in that area. The deepest 
dike in this well was reached at 10,250 feet. 

Ouachitite—Biotite-rich fourchite is known as ouachitite. Dikes of this rock 
have been found here and there associated with both alkaline and basaltic rocks. 

Diabase.—In six deep wells in Arkansas and in two in northeast Texas diabase 
has been discovered. It is of the same composition and texture in each occurrence, 
being a melanocratic, holocrystalline rock containing labradorite and pyroxene 
in approximately equal proportions, intergrown in the intersertal texture. Sub- 
ordinate amounts of magnetite and of granophyric intergrowths of quartz and 
alkali feldspar are present. The deep-well diabase is in general similar to that 
occurring in surface dikes in the eastern Gulf region. An exceptional phenomenon 
is revealed in thin sections ground from the diabase found in the Barnsdall and 
Sohio Petroleum Company’s Gifford Hill No. 1, located in Bowie County, Texas. 
In this hole, which stands within 1,000 feet of Texas’ first and only Smackover 
limestone oil well, diabase was cored near the point where the base of the Buckner 
(Upper Jurassic) formation was expected. The Buckner formation is composed of 
red sandy shale and sand with anhydrite interbedded near the base. Microscopic 
study of the diabase brings forth the fact that in addition to containing many 
granophyric inclusions, it also holds considerable anhydrite in three occurrences: 
namely, as fairly large, discrete fragments; as veins; and as crystallographic 
intergrowths. But the crystallographic intergrowths are entirely restricted to the 
feldspar; none occurs in the pyroxene. The feldspar in diabase crystallizes before 
the pyroxene. Here then is conclusive petrographic evidence that basaltic magma 
was intruded through anhydrite; when the feldspar began to crystallize it caught 
up and enclosed the small particles of anhydrite which had been torn from the 
country rock, and were suspended in the melt; by the time the pyroxene formed, 
all the suspended anhydrite had been enclosed in the feldspar. Inasmuch as the 
anhydrite inclusions decrease in size and abundance with depth and, as the 
diabase is in contact with the lower Buckner in the well, it seems to be an in- 


1418 C. L. MOODY 


escapable conclusion that the diabase was intruded into the Buckner formation 
and that it is, therefore, at least as young as Upper Jurassic. No evidence sup- 
porting a later dating has been found for any of the deep-well diabases. 


VOLCANIC ROCKS 


Volcanism, contemporaneous with the accumulation of some of the Upper 
Cretaceous formations of the northern Coastal Plain, is made evident by the 
recognition, in samples from wells dispersed throughout the entire province, of 
fragments of volcanic rocks in association with the common detrital minerals of 
sediments. Pumice; glass shards; rounded or angular fragments of glassy to 
hypocrystalline porphyritic rocks of trachytic habit, some containing felds- 
pathoids; shattered crystals of orthoclase and plagioclase; cleavage pieces or 
euhedral crystals of pyroxene and biotite,—all are found in relatively thin, 
arenaceous strata interbedded in the early to middle Upper Cretaceous forma- 
tions. Some of these beds are properly called tuffaceous sandstones. 

In addition to these occurrences, which characterize virtually every set of 
well samples obtained in a large area embracing portions of east Texas, south 
Arkansas, north Louisiana, and central Mississippi, it is found that certain wells 
have penetrated noteworthy thicknesses of tuffs and possibly of volcanic ag- 
glomerates. Lavas have been certainly identified in four wells; questionably in a 
dozen or more. 

Pyroclastics—Two rather definite groups of pyroclastics occur in the volcanic 
centers of the northern Gulf Coastal Plain. They may be called the alkaline tuffs 
and the basaltic tuffs. 

The alkaline tuffs consist of small, unsorted fragments of trachyte, phonolite, 
fourchite, and sedimentary country rock frozen in a matrix of largely devitrified, 
glassy, volcanic ash. Extensive kaolinization has affected the lapilli, as well as 
the fine ash, so that identifiable rock fragments are by no means common. The 
Palmer Corporation’s West Virginia No. 2, located in the Monroe gas field of 
northeastern Louisiana, was the first well to yield samples of igneous rock in the 
northern Coastal Plain; it was completed in the summer of 1924. This well pene- 
trated about 1,500 feet of trachytic tuff which was found to be underlain by 
normal Comanche sediments. In the Union Producing Company’s C. B. Box 
Estate No. 1, drilled in southern Humphreys County, Mississippi, phonolitic 
and fourchitic tuffs were penetrated through a thickness of 2,035 feet without 
reaching normal sediments. Augitic tuffs have been encountered in six or more 
wells in the immediate vicinity of Jackson, Mississippi, in close association with 
nephelinite, tinguaite, and nepheline syenite(?). 

Basaltic tuffs are typically made up of large and small lapilli of basaltic rock 
and black glass (palagonite) distributed haphazardly through a fine matrix of 
ash and sand. Serpentinization and kaolinization are commonly far advanced. 
Calcite pseudomorphously replaces much of the pyroxene and other large 
crystals. Much of the basaltic débris is vesicular and is in some places seen to 
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be amygdaloidal. The known basaltic tuffs are confined to northeastern Louisiana. 

Lavas.—In Tallahatchie and LeFlore counties, Mississippi, two wells, the 
Gulf’s Cason and the Exchange Wildwood tests, were completed in vesicular, 
amygdaloidal, somewhat serpentinized hyalo-basalt. In both occurrences the 
basalt is unconformably overlain by gravel which has been regarded as of Lower 
Cretaceous age; the age of the basalt is therefore pre-Comanche. It is not certain 
that these basalts were lava flows, but it is certain that magma from which they 
formed cooled in a zone of pressure release and rapid heat dissipation, that is, in 
the volcanic environment. The Drew County monchiquite, described above, was, 
in its upper portion at least, solidified under similar conditions. In northeastern 
Louisiana, in close proximity to the basaltic tuffs, occur several fine-grained, 
basalt-like rocks which must be regarded either as flows or as intrusions geneti- 
cally related to volcanic activity. The rock types are ouachitite, fourchite, basalt, 
and olivine basalt. Campbell has described one of the monchiquitic rocks as 
nepheline basalt. The feldspathic rocks, if proved to contain feldspathoids, 
should be classified as tephrite and basanite, rather than as basalt and olivine 
basalt. The basaltic tuffs are of Upper Cretaceous age; the associated basaltic 
lavas must be of the same age. 

In Figure 1 the locations of most of the wells in the northern Coastal Plain 
in which Mesozoic igneous rocks have been penetrated are indicated by ap- 
propriate symbols accompanied by applicable rock-names. Figure 2 portrays the 
surface geology of a part of the area. 


CHEMICAL COMPOSITION 


In Table I is recorded the chemical composition of six representative igneous 
rocks cored in deep wells in Arkansas, Louisiana, and Mississippi. The well loca- 
tions are indicated in Figure 1 by capital letters corresponding with those which 
head the analysis columns. 


METAMORPHISM 


Little direct evidence of contact metamorphism has been obtained from a 
study of the well samples in which igneous rocks occur. As all but one of the 
plutonic rocks found in wells were entered directly beneath unconformities, 
whatever metamorphic effects may have been brought about in the roofs of the 
intrusions have long since disappeared. Only wells drilled just outside the 
periphery of the plutonic mass could be expected to yield material reflecting the 
exomorphic effect of the intrusion and very few such wells have been drilled. 
Surface observations suggest that advanced contact metamorphism is effected 
for only a few feet outward from the periphery of the intrusive masses. 

The effects commonly observed in cuttings examinations are general indura- 
tion and, in places, partial fusion of the sediments near the intrusive centers, 
which, as far as is known, were brought about by compression under elevated 
temperature with the introduction or reconstruction of very little mineral matter. 
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TABLE I 


CHEMICAL ANALYSES OF MESOzOIC REPRESENTATIVE IGNEOUS ROCKS IN 
Deep WELLS IN NoRTHERN GULF COASTAL PLAIN 


A B C D E F G 

SiO: 53-00 §2.97 51.38 48.35 46.97 46.23 39-40 
Al,O; 14.54 14.19 18.14 18.95 19.07 18.65 "12.44 
1.78 0.69 1.26 0.93 1.20 4.86 
Fe,0; 2.85 4.78 0.48 4.07 3.78 4.91 8.52 
FeO 10.13 6.35 4.08 2.03 I.QI 6.00 7.51 
MgO 5.59 3.19 0.89 1.04 0.65 0.85 3.51 
CaO 9.76 3.38 5.15 5.60 7.22 9.80 T3.95 
Na,O 2.24 4.92 6.27 9.60 9.04 5.61- 3.52 
K,0 1.03 2.47 2.99 4.10 5.44 2.67 1.60 
H.0+ ©.79 2.27 1.15 3-41 1.06 2.79 (ign) 3.81 (ign) 
H,O— 0.31 0.32 0.46 0.24 0.06 
CO, 0.03 2.04 7.16 0.20 1.49 
ZrOz 0.12 
P205 0.13 0.15 0.14 0.28 0.21 0.13 0.75 
SOs 0.15 0.40 0.18 0.10 
CL 0.18 0.29 0.14 0.08 
S 0.10 0.23 
Cr2O3 Trace 
MnO 0.21 0.16 0.24 0.27 0.13 0.10 Trace 
SrO 0.47 Trace 0.19 
BaO None 0.22 0.22 0.21 0.20 0.32 
Li,O Trace 

100.48 99.87 100.12 99.93 09.94 99.46 100.36 


Gulf Refining Co., Lewis Werner Sawmill Co. No. 49; Sec. 5, T. 16 S., R. 16 W., Union Co., Arkansas. Completed, 1935. 
Depth, 7,962 feet, diabase. S. Goldich, analyst. 
: Stanolind Oil and Gas Co., Dillon Heirs No. 131; Sec. as, E. 21 N., R. r5 W., Caddo Parish, Louisiana. Completed, 1930. 
— 11,417 feet, trachy-basalt. R. B. El lestad, anal: lyst. 
umbian Fuel Co., Victoria Cross No. 1; Sec. 34, T. 8 S., R. 3 W., Desha County, Arkansas. Completed, 1938. Depth, 
880 feet, syenite. R. B. Ellestad, analyst, 
uit Refining Co., Hamilton No. 1; Sec i ._o ., R. 2 E., Rankin County, Mississippi. Completed, 1931. Depth, 4,027 
feet, nepheline syenito(?) (From U. S. Geol. urvey Bull. 378, p. 
. Gulf Refining Co., Hamilton No. 1; Sec. pt. 5 N., R.2 E., Rankin County, Mississippi. Completed, 1931. Depth, 4,017 
feet, aegirite tinguaite. A. Willman, analys 
. V.S. Parham, Katham Johnson No. 1; Sec. sek 18 N., R. 10 E., Madison Parish, Louisiana. Completed, 1945. Depth, 
$2623 feet, cephrite R. A. Moody, analyst 
he Ohio Oil Co., Jerome Lumber Co. No. 13 eo bon te T. 15 S., R. 4 W., Drew County, Arkansas. Completed, 1929. 
Depth, 3,742 feet, monchiquite. R. A. Moody 


DISTANCE EFFECTS 


Many of the Coastal Plain igneous rock species have specific gravities in ex- 
cess of those of the associated sedimentary rocks; some have lower. A few have 
very high magnetic susceptibility; others have low. Most of them possess high 
elastic constants and high specific resistivity. These properties give rise to 
distance effects which are sometimes detectable by the application of geophysical 
techniques designed for measuring small differences in these effects. Thus, electric 
well-logging, under suitable conditions, yields a valuable means of recognizing 
the presence of igneous bodies in wells. Most igneous rocks bring about zero or 
positive self-potential recording, accompanied by very high resistivity values. 
Gravimetric and magnetometric surface surveys have often succeeded in leading 
to that undesirable economic denouement, the discovery of buried igneous rock; 
they have been less successful in predicting the absence of such rocks within 
reach of the drill. Seismograph surveys, though not extensively applied, have not 
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been conspicuously helpful in predicting the presence or absence of buried 
igneous rock. 

Gravity surveys reveal relatively large distortions of the earth’s gravitational 
field in the northern Gulf Coastal Plain. Bouguer anomalies ranging from — 30 to 
+40 milligals appear within or adjacent to the territory in which igneous rocks 
have been found. Every deep well that has been drilled on a circular or elliptical 
positive anomaly of 20 or more milligals has penetrated igneous rock. All the 
plutonic occurrences are centered in anomalies of this character. Hypabyssal and 
volcanic rocks, because of their relatively small masses, are not usually predict- 
able. The surface stocks of the Little Rock area are in a region of abrupt gravity 
anomalies, but only the highly differentiated Magnet Cove complex, with its 
ultra-basic core, gives rise to a circular anomaly like those of the buried plutonic 
areas (Fig. 3). The conclusion seems compelling that the large, circular gravity 
maxima of the Coastal Plain are to be interpreted as deeply buried, highly 
differentiated stocks. 

Magnetic vertical-intensity surveys follow rather closely the field distortions 
of the gravity maps. Magnetic anomalies range in magnitude from — 2,000 to 
+17,000 gammas. The large anomalies hover over the plutonic areas and strongly 
support the conclusion drawn from gravity surveys, to wit, that the pronounced 
circular anomalies of the northern Gulf Coastal Plain are brought about by the 
existence of deeply buried, highly differentiated stocks. 

Relationship of magnetic and gravity anomalies to one another and to the 
occurrence of buried igneous rocks is illustrated in Figure 4, which is a hypo- 
thetical cross section drawn through west-central Mississippi. 

The areas of circular anomaly within which igneous rocks have been found 
are, southeastward from Little Rock: (1) Cleveland County (peridotite); (2) 
Desha County (syenite); (3) Chicot County (augite syenite); (4) Lenhart-Box 
area of Sharkey and Humphreys counties, Mississippi (trachyte porphyry, 
fourchite, volcanic rocks); (5) Epps, Louisiana (trachyte porphyry and four- 
chite); (6) Carey oil field, Mississippi (tinguaite and fourchite) ; and (7) Jackson, 
Mississippi (alkaline plutonic, hypabyssal, and volcanic rocks). The Jackson and 
Lenhart-Box anomalies enclose areas known to have been in volcanic eruption in 
early to Middle Cretaceous time. It is not improbable that some or all of the 
others were similar centers of Cretaceous volcanism. 


EFFECT ON OIL AND GAS ACCUMULATION 


Petroleum geology is more concerned with the effect which the presence of 
igneous rocks in a province may have on its oil and gas possibilities than with the 
petrology of the rocks themselves. Exploratory experience in the northern Gulf 
Coastal Plain leads to the sweeping conclusion that igneous activity has exerted 
no baneful influence whatever on the regional processes which operated to bring 
about the prodigious concentration of Mesozoic oil and gas in that province. The 
reasons for this observational conclusion are not far to seek. In the first place, no 
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tangible evidence has been adduced which demonstrates that any oil existed 
in the present producing areas before the cessation of Mesozoic magmatic 
activity. Secondly, the igneous masses are of such small volume compared with 
the total volume of Mesozoic sediments that regional deleterious effects during 
the early thermal history of the intrusives were surely negligible. 

Local adverse intrusive effects are essentially measurable in their percentage 
reduction of rock permeability, a field in which very few data have flowered. In 
general it may be said that immediately adjacent to the Jackson, Mississippi, 
and the Chicot, Arkansas, intrusives, induration has greatly reduced permeability 
in the Jurassic and Comanche sediments; no indications of hydrocarbons of any 
nature have been found in the intruded sediments of either center. 

In the Delhi oil field of northeastern Louisiana, on the other hand, the Holt 
sand, believed to be of Paluxy (Lower Cretaceous) age, is a good oil reservoir 
though a considerable volume of mid-Cretaceous magma was forced through it 
in three or more vents within the area which is now a prolific oil field. The wells 
which were drilled into igneous rock were non-productive, but normal oil pro- 
duction was obtained in 4o-acre offset locations. The lack of adverse effect on 
the permeability of the Holt sand is explained by the fact that the volcanic vents 
of the Delhi field are small; it may be postulated that the intrusion of a stock 
would have played havoc with the Holt sand. Figure 5 is a map of the Delhi 
field, Richland Parish, Louisiana, showing the locations of wells in which igneous 
rocks were found in the oil producing area. 

All the far-flung exploratory activity in the northern Coastal Plain province 
has failed to find an igneous rock oil-reservoir. Serpentine has not been found in 
large masses such as occur in the fields of Texas in which it is the reservoir rock. 
The plutonic and hypabyssal alkaline rocks are too dense, the volcanic rocks are 
too impermeable to accommodate migrant oil. The buried stocks are therefore 
not now highly regarded as prospects for oil and gas. Gas and small quantities 
of oil have been found in late Cretaceous beds unconformably overlying three 
of the irruptive centers. They are the Jackson gas field and the Carey oil field 
(abandoned) of Mississippi and the Epps gas field of northeastern Louisiana. 


CONCLUSIONS 


The principal conclusions to be drawn from this paper relate to regional 
geologic history. They are summarized here. 

1. Magma invaded the northern Coastal Plain during successive time inter- 
vals in the Mesozoic era; the first invasion may have transpired as early as the 
Triassic period; the last was mid-Upper Cretaceous in age. 

2. Two different magmas appeared, the earlier being basaltic, the later being 
both alkaline and basaltic. 

3. Both reached the surface in certain areas and, in the later invasions, gave 
rise to volcanic activity which contributed significant amounts of lapilli and ash 
to the contemporaneous sediments. 
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4. The deep-well data verify and recapitulate the ideas and conclusions 


drawn from field observations made by earlier workers in Coastal Plain igneous 
geology. 
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GEOLOGICAL NOTES 


PLIOCENE OGALLALA ALGAL LIMESTONE IN UNION COUNTY, 
NEW MEXICO! 


F. M. VAN TUYL anp W. S. LEVINGS? 
Golden, Colorado 


In recent years much interest has arisen in regard to the origin and distribu- 
tion of the capping limestone member of the Ogallala (Pliocene) formation in 
southwestern Nebraska, eastern Colorado, western Kansas, the panhandle of 
Oklahoma, and on the Llano Estacado Plateau of western Texas and southeastern 
New Mexico. Increasing evidence indicates that the distribution of this impor- 
tant stratigraphic unit is more extensive than heretofore supposed. 

Reconnaissance field studies by the present writers, in Union County, north- 
eastern New Mexico, during the summer of 1948 revealed the presence of rather 
extensive, though disconnected and in some places unmapped, areas of typical 
Ogallala stream deposits locally overlain by previously unreported algal lime- 
stone. The most prominent and distinct exposures of this member are in T. 28 N., 
R. 31, 32, and 33 E. Here it is as much as 5 feet thick and caps low hills and 
ridges of the Ogallala which overlies the Dakota sandstone. 

Cursory examination of the limestone capping about 138 feet of Ogallala 
gravels, sands, and silts about 1 mile east and 1} miles north of the town of 
Grenville, disclosed the presence of conspicuous, pinkish, concentric and wavy 
bands associated with pisolitic or nodular structure. These distinctive features, 
together with the massive, resistant character of the rock and its stratigraphic 
position, were regarded by the writers as significant in indicating the presence 
of the cap rock of the Ogallala which M. K. Elias and others have shown to be the 
only reliable geologic and physiographic datum in the Pliocene deposits over a 
wide area of the High Plains. 

About 3 miles north and a little west of Grenville, the algal limestone is over- 
lain by a basalt flow of Quaternary age. Just southwest of Grenville along the 
road to Sofia, the Ogallala is represented by somewhat typical caliche and frag- 
mentary patches of gravels but an exposure of unequivocal algal limestone in the 
northwestern part of T. 26 N., R. 29 E., northwest of Sofia, provides forceful 
testimony about the lithological uniformity of this key bed over widely separated 
areas in northeastern New Mexico. 

At many localities in Union County caliche zones in the Ogallala below the 
horizon of the capping limestone show crude concentric structures which, to the 
uninitiated, might be confused with the algal limestones here described. 

Detailed microscopic studies by J. Harlan Johnson of specimens of the lime- 


1 Manuscript received, June 23, 1949. 
2 Department of geology, Colorado School of Mines. 
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stone collected from several localities in Union County revealed the presence of 
algal masses representing the molds of colonies of the low, thread-like type. At 
higher magnifications there are suggestions of a vein cellular structure. According 
to him, the algae ‘“‘may be either of the blue or green type. Structurally, they 
strongly suggest the Chlorellopsis limestones described by Bradley, from the 
Green River (Eocene) formation. A comparison of hand specimens and thin sec- 
tions with material supplied by Elias from the Ogallala of western Kansas and 
the panhandle of Nebraska shows the material to be very similar if not identical.” 


PIONEER GEOLOGISTS! 


A. 0. WOODFORD? 
Claremont, California 


Professor Burt’s list of pioneers in geology, 1725-1925, published in the May, 
1949, number of the Bulletin, contained a “‘Hall of Fame” disclaimer, but never- 
theless acts as an invitation to choose another team. The list does not include all 
the mighty men of old, even if one accepts 1725 as a starting point. Gilbert is 
missing. Murchison is included, but neither Sedgwick nor Lapworth, who appear 
to have been right where Murchison was most wrong. There is no Escher, no 
Heim, no Staub, no Termier, no Buxtorf, no one to represent the discoverers 
and organizers of knowledge concerning Alpine and Jura structures. One might 
read all the works of all the writers on the Burt list, and still be poorly informed 
concerning metamorphism. V. M. Goldschmidt’s pre-1925 writings would par- 
tially fill this void. Haiiy, the father of crystallography, who is on the list, should 
be supplemented by a developer of crystal-structure theory. Here Fedorov might 
be chosen, to represent the Schoenflies-Fedorov-Barlow trio, especially because 
of his other achievements, including his crystal-identification system and his 
universal stage. Albrecht Penck would be a good man on the rival team, if only 
because of “Die Alpen im Eiszeitalter.” Pratt, Airy, and Dutton would give geo- 
physical balance. Perrault and Darcy, for hydrology, seem at least as important 
as anticlinal White. A. Mohorovitié might take the place of Michell. 

The most surprising omission is G. K. Gilbert. His principles of land sculpture 
(Chapter 5 of the Henry Mountains report), his experiments on débris trans- 
portation, his tracing of the movements of sediments dislodged by hydraulic 
mining, his Basin Range observations and deductions, his monograph on Lake 
Bonneville, all these—and more—-make him a common choice for first place 
among American geologists. 

Every admirer of past greatness would regret the demoting of even a single 
one of the Burt selections. The memory of such other greats as Gilbert, Heim, 
Penck, Lapworth, Goldschmidt, Fedorov, Dutton, and Mohorovitié, however, 


1 Manuscript received, June 24, 1949. 
2 Geology department, Pomona College. 
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might embolden the iconoclast to displace von Buch, Elie deBeaumont, Fiichsel, 
Lamarck, Logan, Michell, Pallas, White, Davis, Powell, and Playfair. The 25 
selections, 1725-1925, would then become Louis Agassiz, Arduino, Brongniart, 
Cuvier, J. D. Dana, Dutton, Fedorov, Gilbert, V. M. Goldschmidt, James Hall, 
Haiiy, Albert Heim, Hutton, Lapworth, Lyell, Mohorovitié, Murchison, d’Or- 
bigny, Albrecht Penck, PoSepny, Rosenbusch, de Saussure, William Smith, 
Sorby, and Werner,—7 British, 4 French, 3 German, 3 Swiss, 3 American, 1 
Italian, 1 Russian, 1 Norwegian, 1 Czech, and 1 Jugoslav. 

Such lists are fun, if not taken too seriously. Perhaps they measure best our 
individual interests, and next best the fields of geological investigation now being 
emphasized. They are also influenced by tradition. Who among us really knows 
about Arduino, or about possible rivals for his honors? 
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REVIEWS AND NEW PUBLICATIONS 


* Subjects indicated by asterisk are in the Association library, and are available, for loan, to 
members and associates. . 


SURFACE PROBLEMS IN THE SEARCH FOR OIL IN SUSSEX, 
BY J. W. REEVES 


REVIEW BY BURTON WALLACE COLLINS! 
Timaru, New Zealand 


*“Surface Problems in the Search for Oil in Sussex,” by Rev. J. W. Reeves. Proc. Geol. 
Assoc., Vol. 59, Pt. 4 (February, 1949), pp. 234-69; 9 figs. 


This interesting paper, well illustrated with maps (both isopachs and structural 
contours), presents further stratigraphic and structural information about Southern 
England obtained during geological surveys on a scale of 6 inches to the mile since 
1936. Some subsurface information from water wells and tests is also given. 

As the author states, the main tectonic feature of the area is a regional dip toward the 
south of about 5°; but this is modified by a series of folds commonly characterized by a 
transverse asymmetry and a disposition en échelon, attributed to the “posthumous Armori- 
can folding’ of Miocene age. Eleven anticlinal areas are mentioned, of which four are 
treated in some detail, and the author deals not only with the problems directly connected 
with oil work but also with “the new evidence which has been established in Pure Geol- 
ogy.” The geological formations in these areas consist of the Weald Clay and the Hastings 
Beds, the latter of which contain several important beds of sand as well as clay. The only 
surface indications of petroleum in the area are seepages, most of which occur in the Tun- 
bridge Wells sand of the Hastings beds. In the Pevensey area, where seepages were 
strongest, a well was drilled to 842 feet, but as no oil was produced the hole was aban- 
doned. It seems that the occurrences of oil sands are associated with faulting, suggesting 
that the oil is not indigenous, but has migrated along the fault planes until it has reached a 
sandstone of sufficient porosity and with an impervious cover under which it could be re- 
tained. “The seepages are neither active nor large, and the bituminous shales of the Pur- 
beck, Portland and Kimmeridge Clay of the East Sussex area may quite easily be of 
sufficient magnitude to serve as the original source.” 

In an appendix the author presents some valuable definitions of the terms “crest 
maximum,” “crest minimum,” “closure,” and “control.” “Crest maximum” is defined as 
“the point of gneatest elevation on the crest line” (which, following E. S. Hills, is “the line 
that joins the highest points of a fold, as defined by a particular bed”). “Crest minimum,” 
analogous with the “spilling point” of Dake and Brown,? is “the point at which oil, trapped 
in an anticlinal structure, would be able to migrate to higher structural levels.” The author 
notes that “such a point may lie in the saddle between two anticlines or be the highest 
point of the trough of a complementary syncline.’”’ After accepting these two definitions, 
the term “closure” may be precisely defined as “the difference of elevation between the 
crest maximum and the crest minimum.” According to Dake and Brown:? “It cannot be 
less than the difference in elevation between the highest and lowest closed structural con- 
tours on a dome.” 

It is to be noted that the paper does not refer to the possibility of petroleum being 


1 New Zealand Geological Survey, Box 250, Timaru, South Canterbury, New Zealand. Manu- 
script received, June 20, 1949. 
2 C. L. Dake and J. S. Brown, Interpretation of Topographic and Geologic Maps. New York (1925). 
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found in stratigraphic traps within the area described, and it appears that exploration was 
confined to the investigation of anticlinal structures. 

The paper concludes with what appears to be a fairly comprehensive bibliography of 
the area. 


RECENT PUBLICATIONS 
APPALACHIANS 


*Preliminary Correlation of the Bradford and Richburg Oil Sands,”’ by Richard W. 
Harding. Producers Monthly, Vol. 13, No. 8 (Bradford, Pennsylvania, June, 1949), pp. 
24-25; folded index map and correlation section. 


BRAZIL 


*“Relatério de 1947” (Report for 1948). Presidéncia da Republica Conselho Nacional 
do Petréleo (Rio de Janeiro, 1948). Includes geological descriptions in states of Para, 
Maranhio-Piaui, Sergipe, Bahia. 6.25 X9 inches. 216 pp.; maps, sections, tables. Paper 
cover. Portuguese. 

*“Pesquisas de petréleo no Estado da Bahia” (Prospecting for Petroleum in the state 
of Bahia), by Avelino Ignacio de Oliveira. 2d ed. (1947) Servico de Informacao Agricola, 
Ministério da Agricultura, Rio de Janeiro. 43 pp., 12 maps and sections. Pp. 1-22, Portu- 
guese; pp. 23-43, English. 6.25 X9 inches. Paper cover. 


CANADA 


“Geological Map of the Maritime Provinces: New Brunswick, Nova Scotia and Prince 
Edward Island.” Canada Geol. Survey Map gto A (Ottawa, 1949). Scale: 1 inch equals 12 
miles. Price, $0.25. 

*“Alberta’s Oil Development and Problems,” by Theodore A. Link. World Oil, Vol. 
129, No. 3 (Houston, Texas, July 1, 1949), pp. 205-08; 5 figs. 


GENERAL 


*Hydrology, edited by Oscar E. Meinzer, under the auspices of the National Research 
Council. Physics of the Earth—IX. 712 pp., 165 illus., 23 tables, 6.125 X9.25 inches. 3d 
impression, printed in 1949. Originally published in 1942 and sold at $8. Dover Publica- 
tions, Inc., 1780 Broadway, New York 109, N. Y. Price, clothbound, $4.95, postpaid. 

*Terrestrial Magnetism and Electricity, edited by J. A. Fleming, under auspices of the 
National Research Council. Physics of the Earth—VIII. 794 pp., 296 illus. Bibliography 
with 1,523 entries. 6.125 X9.25 inches. Originally published in 1939 and sold at $8. Dover 
Publications, Inc., 1780 Broadway, New York 19, N. Y. Price, clothbound, $4.95, post- 
paid. 
*“Sedimentary Facies in Geologic History” (Conference at meeting of the Geological 
Society of America held in New York, November 11, 1948, Chester R. Longwell, chair- 
man). Geol. Soc. America Mem. 39 (New York, June 17, 1949), 171 pp., illus. Contains 6 
papers and 17 discussions. 

1. “Meaning of Facies,’’ by Raymond C. Moore, pp. 1-34; 21 figs. 

2. “Facies Changes in the Colorado Plateau,” by Edwin D. McKee, pp. 35-48; 6 figs. 

3. “Sedimentary Facies and Geologic Structures in Basin and Range Province,” by 

Siemon Wm. Muller, pp. 49-54; 3 figs. 
4. “Sedimentary Facies and Associated Diastrophism in the Upper Cretaceous of 
Central and Eastern Utah,” by Edmund M. Spieker, pp. 55-81; 5 figs., 5 pls. 
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5. “Oligocene Faunas, Facies, and Formations,” by Horace Elmer Wood, 2nd, pp. 83- 
90; 1 fig. 

6. “Integrated Facies Analysis,” by L. L. Sloss, W. C. Krumbein, and E. C. Dapples, 
PP. 91-123; 12 figs. 

*“Das Leitmotiv der Geotektonischen Erdentwicklung” (Guiding Principle of Geotec- 
tonic Development), by Hans Stille. Deutsche Akad. Wissensch. Berlin, Heft 32 (1949). 27 
pp., 12 figs. Paper. 5.5 X8.125 inches. Akad.-Verlag G.m.b.H., Berlin NW 7, Schiffbauer- 
damm 1g. Price, 2.50 DM. In German. 

“Subsurface Geologic Methods,” a symposium compiled by L. W. LeRoy and Harry 
M. Crain. Quar. Colorado School Mines, Vol. 44, No. 3 (Golden, July, 1949). 826 pp., 436 
figs., 12 pls. (4 in color). 6X9 inches. Bound in heavy paper, $6.00; in fabrikoid, $7.00; 
postpaid in U.S.A. 

*“Characteristics and Geologic Distribution of Coral and Other Organic Reefs,” by 
W. H. Twenhofel. World Oil, Vol. 129, No. 3 (Houston, Texas, July, 1949), pp. 61-64; 
2 figs. 
*“Bibliography of Fossil Vertebrates 1939-1943,” by C. L. Camp, S. P. Welles, and 
Morton Green. Geol. Soc. America Mem. 37 (New York, June 24, 1949). 371 pp. Cloth. 

*“American Permian Nautiloids,” by A. K. Miller and Walter Youngquist. Geol. Soc. 
America Mem. 41 (New York, June 28, 1949). 218 pp., 59 pls., 39 text figs. 

Foraminiféres d’ Aquitaine, Premiere Partie, Reophacidae @ Nonionidae (Aquitanian 
Foraminifera), by J. Cuvillier and V. Szakall. 112 pp., 32 pls. 8.75 X10.75 inches. Paper 
cover. French. Soc. Nationale des Pétroles de’Aquitaine, 26, Rue de la Pepiniére, Paris 8 
(1949). Price, 1,800 francs. 


LOUISIANA 


*“The Harang Fauna of Louisiana,” by David E. Pope and D. Jeter Smith. Louisiana 
Geol. Survey Bull. 26 (Baton Rouge, July, 1948). 80 pp., 12 pls., 3 figs., 5 tables. 
MID-CONTINENT 
“Pre-Pennsylvanian Geology of Southwestern Kansas, Southeastern Colorado, and the 
Oklahoma Panhandle,” by John C. Maher and Jack B. Collins. U. S. Geol. Survey Prelim. 
Map ror, Oil and Gas Inves. Ser. (June 15, 1949). 4 sheets, each 34 X43 inches. Map Dis- 
tribution Office, U. S. Geological Survey, Denver Federal Center, Denver, Colorado. 
Price, $1.00. 
NORTH DAKOTA 
*“Stratigraphy of North Dakota with Reference to Oil Possibilities,’ by Wilson M. 
Laird. North Dakota Geol. Survey Rept. Inves. 2 (Grand Forks, 1949). 2 sheets, each 
36X24 inches. Plate 1 contains text and Table I (Data on oil, gas, and water wells) and 
Figure 1 (Index map showing location of wells). Plate 2 contains Table II (geologic forma- 
tions) and Figures 2-13 (cross section, geologic distribution, and structure). 


OKLAHOMA 


*“Rocky Mountain Type Structure at Velma Pool, Stephens County, Oklahoma,” 
by William Wyman Mallory. World Oil, Vol. 129, No. 3 (Houston, Texas, July, 1949), pp. 
68-78; ro figs. 


ROCKY MOUNTAINS—WESTERN CANADA 


*Oil and Gas Journal, Vol. 48, No. 7 (Tulsa, Oklahoma, June 23, 1949). Special Rocky 
Mountain-Western Canada Section, pp. 88-2109. 
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TEXAS 
*“Quachita Facies in Central Texas,” by Virgil E. Barnes. Univ. Texas Bur. Econ. 
Geol. Rept. Inves. 2 (Austin, December, 1948). 12 pp., 2 figs. 
UTAH 
*“Stratigraphy and Trilobite Faunal Zones of the Garden City Formation, North- 
eastern Utah,” by Reuben J. Ross, Jr. Amer. Jour. Sci., Vol. 247, No. 7 (New Haven, 
July, 1949), pp. 472-91; 3 pls., 2 figs. 
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COMMITTEE FOR PUBLICATION 


GEoRGE C. Grow, JR. (1952), chairman, Peoples Natural Gas Company, Pittsburgh, Pa. 


195° 
Hous D. HEDBERG Joun E. GALLEY 
G. L. MEHOLIN E. RussEtt Lioyp 


Homer A. NOBLE 
Tuomas H. Puitpotr 
Dotpue E. 

R. D. WHITE 

C. W. WItson, Jr. 


E. Ftoyp MILLER 
VincEnT C. PERINI, JR. 
Paut H. Price 

E. E. REHN 

J. K. RoGErs 

K. K. SPOONER 


RESEARCH COMMITTEE 


1952 
Joun G. Gray 
BENJAMIN F. HAKE 
Mason L. Hitt 
GerorcE S. HuME 
James A. MOORE 
MANLEy OsGoop, JR. 
E. A. WENDLANDT 


Joun T. Rouse, JR. (1950), chairman, Magnolia Petroleum Company, Dailas, Texas 


1950 
RoLanp F. BEERS D. L. BLACKSTONE, JR. 
G. C. GESTER WItiram R. CANADA 


STANLEY C. HEROLD 


1952 
Date L. BENSON 
JOsEPH R. CLAIR 
D. CHAMBERS 


Joun T. LONSDALE 

C. V. MILLIKAN 

M. L. Nat ex. off. SEPM 
L. L. NETTLETON 

Paut H. Price 

W. H. TWENHOFEL 

CLAUDE E. ZOBELL 


ParkKE A. DICKEY 
Marcus A. HANNA 
DANIEL JOHN JONES 
Rospert M. SWESNIK 
GarVIN L. TAyLoR 


Wa ter K. Link 
S. W. Lowman 

F. W. ROLSHAUSEN 
ROBERT J. SEALE 
Davin H. Swann 
GEORGES VORBE 


GEOLOGIC NAMES AND CORRELATIONS COMMITTEE 
Henry J. Moran, Jr. (1951), chairman, Atlantic Oil and Refining Company, Dallas, Texas 


1950 1952 
C. I. ALEXANDER Hucs H. BEAcu CHARLES F. BASSETT 
Stuart K. CLarkK M. G. CHENEY GEORGE V. COHEE 


I. Curtis Hicks 
Tuomas C. Hrestanp 
FrepErRICc F. MELLEN 
ARTHUR M. MEYER 
GROVER E. MurRAY 
Horace G. RIcHARDS 
L. E. WoRKMAN 


E. J. Comps 
Rosert H. 
HERMAN GUNTER 
Raymonpb C. MOORE 


W. J. HitsEweck 

P. H. JENNINGS 
Wayne V. JONES 

W. ARMSTRONG PRICE 
H. A. TourTELOT 


COMMITTEE ON APPLICATIONS OF GEOLOGY 
Kart A. Mycpat (1951), chairman, Pure Oil Company, Chicago, Illinois 


1950 1951 1952 
Don L. JouN B. FANSHAWE A. DEEGAN 
STANLEY G. ELDER Henry D. McCattum R. A. STEHR 
LEo R. Fortier Cart B. RICHARDSON 
Tuomas A. HENDRICKS Maynarp H. 
W. T. NIGHTINGALE 
W. T. SCHNEIDER 
MEDAL AWARD COMMITTEE 
C. W. Tomiinson, chairman, Ardmore, Oklahoma 
H. B. STENZEL, ex officio, president of S.E.P.M. 
ANDREW GILMOUR, ex officio, president of S.E.G. 
195¢ 1952 
FRANK R. CLARK Henry A. Ley WALLACE E. PRATT 
ALFRED H. BELL Gorpon I. ATWATER FREDERICK A. BusH 


R. E. SHERRILL 
H. V. TyGretr 


A. E. BRAINERD 


J. V. Howe 


= 
683 
i 


1438 ASSOCIATION ROUND TABLE 


COMMITTEE ON STATISTICS OF EXPLORATORY DRILLING 


F. H. LAwEE (1950), chairman, Sun Oil Company, Box 2880, Dallas, Texas 
Granam B. Moopy (1951), vice-chairman, Standard Oil Co. of California, San Francisco 


1950 Tg51 . 1952 
WALTER L. AMMON KENNETH COTTINGHAM J. A. Brown 
A. H. BELL GrorcE C. Grow, Jr. Coteman D. HunTER 
G. P. CRAWFORD Cuar.es H. Row Rosert C. LAFFERTY, JR. 
R. J. CULLEN A. N. SHARRICK D. J. MUNROE 
Oscar M. Hupson F. B. STEN T. F. Petty 
W. S. McCaBE PauL WEAVER GLENN C. SLEIGHT 
H. J. McLELLAN Paut H. UmBacu 
R. M. Witson 


DISTINGUISHED LECTURE COMMITTEE 
Harotp T. Morey (1950), chairman, Stanolind Oil and Gas Company, Tulsa, Oklahoma 


195° 1952 
Joun L. Fercuson HeErscHEL H. Cooper H. J. BuDDENHAGEN 
W. J. HitsEweck K. K. LanpEs RoBERT E. RETTGER 
Frep H. Moore E.iot H. Powers 
E. E. REHN 


SPECIAL COMMITTEES 


COMMITTEE ON BOY SCOUTS LITERATURE 
FRANK Gouin, chairman, Box 208, Duncan, Oklahoma 


A. C. Bace C. L. Cooper Ray L. Srx 
Max W. Bai G. C. GESTER R. C. Spivey 
Don L. CARROLL Don B. Goutp W. T. THom, Jr. 


RussEtt M. Tripp 


COMMITTEE ON NATIONAL RESPONSIBILITY 


Coronet O. F. Kotick, chairman, Navy Petroleum Reserves, Building T-3, 
Room 1046, Navy Department, Washington, D. C 


Fritz L. AuriIN Don L. CARROLL BEn F. Hake 
Max W. Batt Car H. DANE B. Heroy 
Ouin G. BELL A. RopGER DENISON C. T. Jones 


EDMUND M. SPIEKER 


EXPLORATORY DRILLING IN 1948 


ERRATA 


In Table VIII, on page 795, of this Bulletin for June, 1949, two errors have been noted. 
The total of producers drilled in 1948, at the bottom of column A, should be 1,463 instead 
of 1,453. In column G, for 1943, the total footage in successful exploratory holes should be 
2,936,266 instead of 2,158,707. This latter figure is correct for 1942. 


FrEDERIC H. LAHEE 
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MEMBERSHIP APPLICATIONS APPROVED FOR PUBLICATION 


At the recommendation of the A.A.P.G. committee on national responsibility, in order to attain 
its objective ‘‘to plan and advise with the Military Services for the effective application of geology 
and the efficient functioning of geologists within the Military Services,” the executive committee is 
requesting each applicant for membership to return a statement of his World War II service and his 
present reserve status, if any, for which purpose a special blank is furnished by Association Head- 
quarters, Box 979, Tulsa 1, Oklahoma. 

The executive committee has approved for publication the names of the following candidates for 
membership in the Association. This does not constitute an election but places the names before the 
membership at large. If any member has information bearing on the qualifications of these nominees, 
he should send it promptly to the Executive Committee, Box 979, Tulsa 1, Oklahoma. (Names of 
sponsors are placed beneath the name of each nominee.) 

To comply with the new amendments affecting qualifications for membership, new applicants 
and their sponsors should hereafter use new (1949) application forms and the new (1949) constitution 
and by-laws. Old forms should be destroyed. 


For ActivE MEMBERSHIP 


Henry ae Barrett, Oklahoma City, Okla. 
W. D. McBee, Jr., Rizer Everett, Rolf Engleman 

Edmund Borys, ‘Dallas, Tex. 

G. L. Knox, G. C. Gester, J. E. Adams 
John Paul Brand, Lubbock, Tex. 

C.A. Renfroe, Raymond Sidwell, W. I. Robinson 
Johannes Brouwer, Bogota, Colombia, S. A. 

Ulco Haanstra, D. Trumpy, B. Caudri 
Robert Anderson Brown, Ottawa, Ont., Canada 

E. Fred Davis, J. C. Scott, W. C. Gussow 
Charles Alfred Caswell, Norman, Okla. 

V. E. Monnett, Carl A. Moore, D. M. Putman 
William Wathen Charles, Jr.; Bakersfield, Calif. 

C. W. Porter, S. S. Siegfus, J. D. Hale 
William Ear] Dillon, San Francisco, Calif. 

L. C. Decius, F. A. Menken, Claude E. Leach 
Raymond Dwight Doty, Jr., Abilene, Tex. 

M. D. Mauck, James L. — L. W. Dorbandt 
Wilford — Fraser, Lima, Peru, S.A 

M. Dean Williams, K. F. Huff, L. A. Smith 

Lawrence Irvin Freeman, Shreveport, La. 

Joseph Purzer, W. C. Spooner, C. L. Moody 
William Nathan Gilliland, Lincoln, Neb. 

. L. Lugn, Edmund M. Spieker, Charles D. Hunt 

Raymond Morton Goodin, Wichita, Kan. 

Roy P. Lehman, W. E. McHugh, Joseph R. Clair 
Garland Bayard ‘Gott, Denver, Colo. 

J. Fred Smith, jr., Ernest Dobrovolny, Irving J. Witkind 
Eduardo Jose Guzman-J., Reynosa, Tamps., Mex. 

John A. Young, Jr., Martin Russo, i C. Smith 
Walton Henry Hohag, Jr., Calgary, Alta., Canada 

C. S. Corbett, Joseph ‘Spivak, J. A. Wallace 
Alva M. Johnson, Long Beach, Calif 

Lee S. Osborne, John G. Burtt, John B. Sansone 
Samuel C. Johnson, Denver, Colo. 

Kenneth Gow, T. W. Koch, J. J. Maucini 
Thomas Henry Jones, Mattoon, III. 

S. H. Cathcart, Gerald C. Maddox, Rolf Engleman 
Lee W. Kilgore, Chickasha, Okla. 

Paul M. Tucker, C. F. Dohm, Homer J. Smith 
Norman William Martison, Ottawa, Ont., Canada 

E. Fred Davis, J. C. Scott, W. C. Gussow 
Clifford Addison Merritt, Norman, Okla. 

V¥oR. Monnett, Charles E. Decker, E. L. Lucas 
Holmes Odell Miller, Fellows, Calif. 

Kenneth Krammes, R. S. Beck, J. H. Beach 


| 
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Grant Carl Parsons, Maracaibo, Venezuela, S. A. 

R. G. Sohlberg, P. B. McGrath, P. W. Gester 
Stanley Gordon Pearson, Red Deer, Alta., Canada 

John A. Allan, L. I. Brockway, R. P. Lockwood 
John R. Peasley, Mt. Pleasant, Mich. 

Glenn C. Sleight, William A. Kelly, George V. Cohee 
Donald B. Priest, Ventura, Calif. 

Peter H. Gardett, William H. Thomas, E. Harold Rader 
Milner Darwin Quigley, Salt Lake City, Utah 

George H. Gaul, C. Hewitt Dix, Edward C. Dapples 
Andrew ——- Shride, Tucson, Ariz. 

ay Ce Pierce, Edwin D. McKee, Parker D. Trask 

Roscoe Joe bile Montebello, Calif. 

F. M. Ziegler, John J. O’Keeffe, Jr., Daniel M. Bernt, Jr. 
William Lee a Salt Lake City, Utah 

. H. Whittier, H. V. W. Donohoo, C. E. Needham 

Ernest Edward Tisdale, Casper, Wyo. 

Allan Cree, T. C. Hiestand, Jed B. Maebius 
Eugenio Bruno Viloni, Buenos Aires, Argentina, S. A. 

Juan J. Zunino, Oswaldo Bracaccini, Abel Herrero Ducloux 
Albert Eduard Wirz, Siparia, Trinidad, B. W. I. 

. G. Kugler, H. H. Suter, F. W. Penny 

John Granville Woolley, Mt. Vernon, IIl. 

T. E. Wall, E. W. Harrington, C. E. Brehm 


For AssociATE MEMBERSHIP 


William Alphonso Adent, Stanford, Calif. 

M. B. Smith, S. W. Muller, A. I. Levorsen 
Burton Amundson, Madison, Wis. 

George P. Woollard, L. R. Laudon, M. L. Thompson 
Marshall W. Bailey, Lubbock, Tex. 

Charles A. Renfroe, Raymond Sidwell, W. I. Robinson 
William Edwin Bannister, Calgary, Alta., Canada 

. D. Weir, F. H. Edmunds, J. G. Gray 

Joseph Jesse Barrientos, “Austin, Tex. 

G. R. McNutt, F. L. Whitney, G. K. Eifler, Jr. 
Theodore Charles Bartling, Tulsa, Okla. 

Noel H. Stearn, Sidney S. Galpin, Robert E. Bayles 
Richard Wallin Boebel, Madison, Wis. 

G. P. Woollard, M. L. Thompson, L. R. Laudon 
Jack N. Okla. 

M. Putman, Jack Newton Huff, Carl A. Moore 

John Frank Austin, Tex. 

F. 1. Whitney, G. R. McNutt, Hal P. Bybee 
John Russell Boomer, Corpus Christi, Tex. 

H. C. Cooke, A. L. Frericks, George R. Pinkley 
Robert Kay Bradley, Lubbock, Tex. 

Raymond Sidwell, C. A. Renfroe, W. I. Robinson 
Iley Baker Browning, Jr., Henderson, Ky. 

J. Al Brown, Coleman D. Hunter, Iley B. Browning 
Don Wiles Buelow, Great Falls, Mont. 

Carl A. Moore, V. E. Monnett, Charles E. Decker 
Hoyt Otto Burckhalter, Casper, Wyo. 

V. E. Monnett, Keith M. Hussey, Carl A. Moore 
Glenwood Earl Busby, Kansas City, Mo. 

Marvin Lee, R. W. Brown, J. R. Ball 
Howard Putnam Butler, Marietta, Ga. 

A. C. Munyan, Garland Peyton, S. M. Herrick 
Ray N. Butler, Lubbock, Tex. 

C. A. Renfroe, Raymond Sidwell, W. I. Robinson 
Roy Butler, Lubbock, Tex. 

C. A. Renfroe, Raymond Sidwell, W. I. Robinson 
Robert Edgar Cain, San Antonio, Tex. 

John R. Sandidge, George W. Smith, C. I. Alexander 


. 
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Thomas William Cameron, Bakersfield, Calif. 
O. E. Childs, W. D. Cortright, E. T. Apfel 
Robert Manson Castator, Lawrence, Kan. 
Robert G. Dreyer, Alfred G. Fischer, R. C. Moore 
William A. Chandler, New Orleans, La. 
Keith M. Hussey, Carl A. Moore, V. E. Monnett 
Robert Cecil Charles, Oklahoma City, Okla. 
. R. Owen, A. D. Turquette, A. J. Montgomery 
William Allen Clough, Craig, Colo. 
William M. McGill, H. E. Christensen, James W. Nance 
Julian Francis Cole, Midland, Tex. 
L. A. Nelson, H. E. Quinn, W. S. Strain 
Henry Grady Collier, Jr., Austin, Tex. 
ames P. Bowen, James*F. Gibbs, Reese L. Hayes 
Donald Fancher Collins, Oakland, Calif. 
Thomas L. Bailey, J. Wyatt Durham, Robert M. Kleinpell 
Glenn Gene Collins, Austin, Tex. 
John T. Lonsdale, Hal P. Bybee, H. B. Stenzel 
Stanley H. Collins, Norman, Okla. 
. L. Lucas, Carl A. Moore, Keith M. Hussey 
James Leonard Cowell, Long Beach, Calif. 
G. E. Miller, G. C. Kuffel, U. S. Armstrong 
Charles John Crowley, Albuquerque, N. Mex. 
Northrup, S. A. Wengerd, V. C. Kelley 
Eugene Forrest Culp, Norman, Okla. 
E. L. Lucas, Charles E. Decker, V. E. Monnett 
Wilton Roger Dale, Baton Rouge, La. 
H. V. Howe, R. L. Geyer, G. E. Murray 
Thomas Edward Darby, Waco, Tex. 
. A. Lynch, W. L. Russell, F. A. Burt 
Andrew Jackson Davis, Jr., Fort Worth, Tex. 
W. M. Winton, Leo Hendricks, Clarence M. Sale 
Charles B. G. Davis, Houston, Tex. 
H. Bleyberg, F. E. Mettner, S. A. Berthiaume 
Herbert Kennon Davis, College Station, Tex. 
. A. Lynch, Fred E. Smith, Travis J. Parker 
Robert Benjamin Davis, Austin, Tex. 
Gordon Damon, Hal P. Bybee, G. K. Eifler, Jr. 
Andre Pierre Delflache, Baton Rouge, La. 
H. V. Howe, Richard J. Russell, Grover E. Murray 
Thomas Hargett Dial, Lubbock, Tex. 
C. A. Renfroe, Raymond Sidwell, W. I. Robinson 
William Kenneth Earman, Tyler, Tex. 
B. Somers, E. J. Barragy, P. S. Schoeneck 
Dorman Neal Farmer, Austin, Tex. 
Hal P. Bybee, G. R. McNutt, G. K. Eifler, Jr. 
Clifford G. Flittie, Dhahran, Saudi Arabia 
R. S. Mahoney, I. J. Reed, T. F. Harriss 
James Fremont Fouts, Casper, Wyo. 
H. E. Summerford, Jed B. Maebius, Donald E. Edstrom 
Milton Abraham Frenkel, College Station, Tex. 
S. A. Lynch, A. N. McDowell, Travis J. Parker 
Ralph Wallace Garrett, Jr., Corpus Christi, Tex. 
Melvin M. Garrett, John A. Egan, C. E. Buck 
Willard Calvin Gere, Los Angeles, Calif. 
Thomas Clements, D. A. McNaughton, J. C. Miller 
Alfred Giles, Wichita Falls, Tex. 
D. Heninger, A. W. White, Ralph H. McKinlay 
William E. Gipson, Austin, Tex. 
P. Bybee, F. L. Whitney, Ronald K. DeFord 
John Oliver Goffe, Durango, Colo. 
Stanley B. White, E. L. Lucas, Keith M. Hussey 
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Volker Charles Grasso, Austin, Tex. 
F. L. Whitney, Hal P. Bybee, G. R. McNutt 
Donald Wayne Gresser, Sacramento, Calif. 
W. E. McKitrick, Frank W. Bell, Cordell Durrell 
T. A. Halbrook, Dallas, Tex. 
Cecil H. Green, K. E. Burg, H. B. Peacock 
Bill Dale Hallett, Norman, Okla. 
H. W. Straley, ITI, V. E. Monnett, Carl A. Moore 
Sherod Alexander Harris, Wichita, Kan. 
. O. Smedley, A. L. Lugn, E. F. Schramm 
George Heilborn, Norman, Okla. 
F. A. Melton, Carl A. Moore, V. E. Monnett 
John Melvin Henton, Jr., Champaign, IIl. 
H. W. Scott, J. L. Hough, George W. White 
John Drew Hill, _—. Tex. 
Hal P. Bybee, H. Gordon Damon, Ronald K. DeFord 
Robert James Hindle, Los a Calif. 
L. Metzner, F . C. Hodges, Cordell Durrell 
Benjamin Franklin Hoffacker, jr. 
R. E. Sherrill, C. E. Prouty, R. Douglas Rogers, Jr. 
Linn Hoover, Jr., Ann Arbor, Mich. 
A. J. Eardley, R. O. Hussey, K. K. Landes 
Paul Joseph erie Towa City, Iowa 
A. C. Trowbridge, A. K. Miller, Allen C. Tester 
George Charles Huntington, Lubbock, Tex. 
C. A. Renfroe, Raymond Sidwell, W. I. Robinson 
John William James, Cody, Wyo. 
M. Melville Peal —— P. Haynes, Kirtley F. Mather 
Richard Lockwood Jones, F —— N. ¥. 
Earl T. Apfel, J. A . Cushman, Orlo E. Childs 
Jon Thomas Jorgenson, Austin, Tex. 
G. R. McNutt, G. K. Eifler, Jr., Hal P. Bybee 
Edward Charles Kovelan, Dallas, Tex. 
. Kelsey, E .F. McMullin, J. Frank Rollins 
T. L. Kunkel, Perryton, Tex. 
A. A. Hunzicker, L. A. Scholl, Jr., Roy L. Lay 
James Wright Lacy, Odessa, Tex. 
Raymond Sidwell, Charles W. I. Robinson 
Henry McClelland Lamberton, Casper, W 
Stanley B. White, W. T. Thom, Jr., R. W. McCanne 
Leo Paul Lamer, Oklahoma City, Okla. 
Keith M. Hussey, Carl A. Moore, V. E. Monnett 
James Donald Langston, Austin, Tex. 
Hal P. Bybee, G. R. McNutt, G. K. Eifler, Jr. 
Bruce Arthur Liberty, Toronto, Ont., Canada 
W. A. Roliff, G. S. Hume, F. L. Fournier 
Archie Trueitt Long, Jr., Austin, Tex. 
Hal P. Bybee, F. L. Whitney, G. K. Eifler, Jr. 
Eugene Robert Manning, Alpine, Tex. 
Raymond Sidwell, Leroy T. Patton, C. A. Renfroe 
Charles William Marquis, Jr., Austin, Tex. 
H Bybee, F. L. Whitney, G. R. McNutt 
Thomas James McCroden, Stanford, Calif. 
Hans Peter Schaub, Mont G. Calvert, Jr., A. I. Levorsen 
Bill Montgomery McLarry, Lubbock, Tex. 
C. A. Renfroe, Raymond Sidwell, W. I. Robinson 
Walter M. Moody, Avenal, Calif. 
L. S. Chambers, Alfred W. Vitt, W. D. Kleinpell 
Hubert A. Moore, Tallahassee, Fla. 
Louie C. Kirby, H. A. Sellin, E. H. Rainwater 
Dale Hubart Moose, Shawnee, Okla. 
F. L. Bishop, Earl A. Tarver, Hugh C. Schaeffer 
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John Milam i. Wichita Falls, Tex. 
Dan D. Heninger, Hal P. Bybee, G. R. McNutt 
Brian Nowlin Myers, Lubbock, Tex. 
Raymond Sidwell, C. A. Renfroe, Leroy T. Patton 
Austin James Newton, Jr., Dallas, Tex. 
W. B. Heroy, Jr., Kathleen S. Keathley, C. C. Albritton, Jr. 
Thomas John Nolan, Jr., Marshall, Ill. 
i . Donnelly, H . W. Scott, Harold R. Wanless 
Duane M. Norman, Lubbock, Tex 
C. A. Renfroe, Raymond Sidwell, W. I. Robinson 
Raymond Thomas Odell, Sherman, Tex. 
L. A. Nelson, W. S. Strain, H. E. Quinn 
Carel Otte, Jr., Pasadena, Calif. 
Max Birkhauser, John P. Buwalda, Robert P. Sharp 
Ward Cummings _ Jr., Norman, Okla. 
Lucas, F. A. Melton, V. E. Monnett 
Robert Vernon Phipps, Rapid City, S. Dak. 
Edward L. Tullis, John Paul Gries, W. A. Waldschmidt 
William Daniel Pitt, Evanston, Ill. 
Edward C. Dapples, L. L. Sloss, W. C. Krumbein 
Ralph James Poth, Austin, Tex. 
H. H. Power, F. e Whitney, Hal P. Bybee 
Robert Lloyd 
L. Sielaff, —— Cree, Joseph H. McCoy 
Ronald Burton Pract, Lubbock, Tex. 
Raymond Sidwell, C. A. Renfroe, W. I. Robinson 
Jean Francois Charles Jacques Puech, Cambridge, Mass. 
W. L. Whitehead, Robert R. Shrock, Clark Goodman 
Quentin — Query, Santa Paula, Calif. 
W. L. Stanton, W. W. Heathman, C. E. Kirschner 
James Neal Reeves, Shreveport, La. 
Roy T. Hazzard, Herbert Mack Cox, R. T. Wade 
Merritte Marvin Reily, Athens, Tex. 
rank E. Kendrick, P. G. Russell, S. A. Lynch 
Albert Epheldred Rettig, College Station, Tex. 
S. A. Lynch, A. N. McDowell, Travis J. Parker 
George Albert Risley, Madison, Wis. 
George P. Woollard, M. L. Thompson, L. R. Laudon 
James Marlet Sanders, Norman, Okla. 
Charles E. Decker, Carl A. Moore, V. E. Monnett 
Guillermo R. Sauri, Midland, Tex. 
Allen Ehlers, Edgar D. Cahill, Clark Steinberger 
Thomas Ernest Walker Sawyer, Jr., Berkeley, Calif. 
R. M. Kleinpell, J. Wyatt Durham, Theo. H. Crook 
William C. Schmidt, Velma, Okla. 
Harold J. Kleen, Frank Gouin, R. B. Rutledge 
Louis Evans Schneider, Rankin, Tex. 
L. A. Nelson, W. S. Strain, H. E. Quinn 
Charles Marvin Schwartz, Jackson, Miss. 
C. A. Hickcox, W. C. Gibson, T. H. Philpott 
William Simon Shaw, Cambridge, Mass. 
W. L. Whitehead, R. R. Shrock, R. M. Tripp 
I. D. Simpson, Jr., Norman, Okla. 
Keith M. Hussey, Carl A. Moore, Charles E. Decker 
Langdon Smith, Caracas, Venezuela, S. A. 
H. W. van de Putte, Donald A. Taylor, Norman E. Weisbord 
Frederick Charles Smyth, Colorado City, Tex. 
D. H. Cardwell, W. H. Conkling, Wallace Ralston 
Frank Lyons Staplin, Austin, Tex. 
Samuel P. Ellison, Jr., Hal P. Bybee, G. K. Eifler, Jr. 
Robert Monroe Stephens, Champaign, III. 
Jack L. Hough, H. W. Scott, George W. White 


: 
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Robert William Stewart, Billings, Mont. 

Robert A. Fellows, Jesse W. Marshall, F. A. Thurman 
Jane McCloskey Taylor, Mariemont, Ohio 

Gordon Rittenhouse, John L. Rich, M. G. Frey 
Warren LeRoy Taylor, Urbana, Ill. 

Bernhard Kummel, Jr., J. L. Hough, H. W. Scott 
F. Wells Terwilliger, Lansing, Mich. 

W. A. Kelly, Rex P. Grant, G. E. Eddy 
Wilbur Lionel Thompson, Jr., Norman, 0 

F. A. Melton, K. M. Hussey, E. L. Lucas 
Donald —— Towse, Cambridge, Mass. 

WV. L. Whitehead, R. M. Tripp, R. R. Shrock 

Walter Howard Trenchard, New Orleans, La. 

Harry X. Bay, Richard D. Norton, R. A. Steinmayer 
Howard Vactor, Cleveland Heights, Ohio 

George W. White, H. R. Wanless, H. W. Scott 
Edward Emil Van Petten, Boulder, Colo. 

Warren O. Thompson, W. W. Longley, John R. Hayes 
George Julius Verville, Madison, Wis. 

M. L. Thompson, L. R. Laudon, G. P. Woollard 
Charles Marshall Wanner, Caracas, Venezuela, S. A. 

. Gorman, F. A. Sutton, George Heyl 

James Earl Warren, Lubbock, Tex. 

Leroy zi Patton, Raymond Sidwell, W. I. Robinson 
Cutler Webster, Stanford, Calif. 

nwa Waters, V. L. VanderHoof, A. I. Levorsen 
Glen Dale West, Norman, Okla. 

Keith M. Hussey, Carl A. Moore, V. E. Monnett 
Sidney Ross Williamson, Dallas, Tex. 

H. V. Tygrett, a S. Keathley, C. C. Albritton, Jr. 
Malcolm Earl Dallas, T 

J. M. Wilson, G. F. onbeid, M. M. Garrett 
Robert Thurman W tite Jr., Clendinin, W. Va. 

Robert C. Lafierty, Daniel J. Jones, C. G. Krebs 
Harold Duane Woods, Los Angeles, Calif. 

Thomas Clements, D. A. McNaughton, J. C. Miller 


William Joseph ie Olean, N. Y. 
W. T. Thom, Jr., Clyde B. Adams, George E. Dorsey 


For TRANSFER TO ACTIVE MEMBERSHIP 


Frank James rg Carmi, Ill. 

A. L. Lugn, K. K. Landes, A. J. Eardley 
Charles Edmund Buck, Jackson, Miss. 

Joseph E. Morero, Howard S. Bryant, H. L. Spyres 
Eleanor ——. Caldwell, Tallahassee, Fla. 

. C. Blackburn, Dunbar A. Fisher, E. H. Rainwater 
Beynon S. Cheesy West Jackson, Miss. 
B. M. Choate, J. B. Kennedy, C. W. Sternberg 

Conrad L. Dorn, Denver, Colo. 

J. H. Kinser, W. T. Hudson, M. G. Frey 
John Crawford Dunlap, San Juan, Puerto Rico 

Erwin R. Scott, Philip B. King, G. E. Manger 
Fred S. Lillibridge, Wichita, Kan. 

Harold O. Smedley, 4 = Pattison, E. A. Koester 
Lloyd W. Christi, T: 

Mann, W. M. Rie J. R. Randolph 

John Francis hoe It. Los Angeles, Calif. 

Thomas Clements, K. O. Emery, D. A. McNaughton 
Kennedy Robert Marble, Calgary, Alta., Canada 

Ray A. Walters, W. W. Waring, Harold C. Bickel 
Roderick Goldston Murchison, Jr., Chapel Hill, N. C. 

John W. Huddle, Roy L. Ingram, Berlen C. ini 
James Baldwin O’Flynn, Paso "Robles, Calif. 

U. S. Grant, IV, Rollin Eckis, Harold W. Hoots 
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Daniel John Pickrell, San Francisco, Calif. 
Willard J. Classen, Charles M. Cross, Elmo W. Adams 


Albert Charles Raasch, Jr., Tallahassee, Fla. 
W. C. Blackburn, John M. Law, Dunbar A. Fisher 


Ernest E. Roth, New York, N. Y. 
George C. Grow, Jr., R. E. Sherrill, Fenton H. Finn 


Stanley Laurence Smith, Midland, Tex. 

W. Dow Hamm, Edgar Kraus, W illiam B. Moore 
Jasper Leon Stamnes, Tyler, Tex. 

J. T. Lonsdale, F. k Whitney, W. ‘si Hamm 


(Continued on page 1474) 


A.A.P.G. REGIONAL MEETING, BILOXI, MISSISSIPPI, 
OCTOBER 12-14, 1949 


A regional meeting of the Association will be held at the Buena Vista Hotel, Biloxi, 
Mississippi, October 12-14, 1949. The following six southeastern geological societies are 
the co-hosts. 


East Texas Geological Society 
Mississippi Geological Society 
New Orleans Geological Society 
South Louisiana Geological Society 
Shreveport Geological Society 
Southeastern Geological Society 


Several geophysical papers of interest to the geologists will be presented by the Ark- 


La-Tex Geophysical Society. 
Hotel-room reservation cards will soon be mailed to all members and an early reply 


will be appreciated by the committee. 

Tentatively, the program consists of a pre-convention symposium on the work in the 
Gulf Coast of the Cenozoic and Mesozoic subcommittees of the geologic names and 
correlations committee. The technical program will be shared equally by the participating 
geological societies. Each group will present papers dealing with significant problems of 


their areas. 
A series of air-borne excursions over the Mississippi Delta and including aerial visits 


to the water operations are contemplated. 
The convention committee for this meeting consists of the following. 


Chairman: T. H. Puitport, The Carter Oil Company, Box 1739, Shreveport, Louisiana. 

Hotels: M. N. Broucuton, The Texas Company, Box 252, New Orleans, Louisiana. 
i Publication: L. R. McFarLanp, Magnolia Petroleum Company, 508 Millsaps Building, Jackson, 

ississippi. 

— Hastincs Moore, Danciger Oil and Refining Company, 207 Webster Walk, Hender- 
son, Texas. 

"Technical equipment: G. E. Murray, Louisiana State University, Baton Rouge, Louisiana. 

B. M. Cuoate, Atlantic Refining Company, Jackson, Mississippi. 

F. M. Scuatt, Big Chief Drilling Company, Shreveport, Louisiana. 

W. B. NEIzt, Stanolind Oil and Gas Company, Lake Charles, Louisiana. 

J. L. Mart, Jr., Sinclair-Wyoming Oil Company, Jackson, Mississippi. 

Geophysical papers: H. M. Bucuner, The Carter Oil Company, Drawer 1739, Shreveport, Louisi- 
ana. 

L. F. Fiscuer, Sohio Petroleum Company, Shreveport, Louisiana. 

G. E. WAGONER, The Carter Oil Company, Box 1739, Shreveport, Louisiana. 

Field excursions: D. E. NEWLAND, Magnolia Petroleum Company, Box 872, Lake Charles, Louisi- 
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BALLOTS ON AMENDMENTS TO CONSTITUTION AFFECTING 
MEMBERSHIP QUALIFICATIONS AND CLASSIFICATION 


Recent balloting on amendments to the Constitution as proposed at the annual meet- 
ing at St. Louis, March 14-17, resulted as shown in the following tabulation of the returns 
as counted by the ballot committee appointed by president Tomlinson: SamuEL H. 
Woops, chairman, JoHn L. Fercuson, and E. FLoyp MItter. The revised requirements 
for membership (junior and associate) are included in the complete constitution and by- 
laws printed in this issue of the Bulletin. 


2,616 
Distribution of Ballots Not Counted: 
No names on envelopes.....................- 108 
Ballots from same person.................... I 
128 


Applicants for membership should request new (1949) forms and new (1949) copies 
of the constitution and by-laws. Old forms should be destroyed. 


HIGHLIGHTS ON 1948 DEVELOPMENTS IN FOREIGN 
PETROLEUM FIELDS—ERRATA! 


L. G. WEEKS? 
New York, N. Y. 


Pages 1113-1114. The last three paragraphs, beginning ““The Burmah Oil Company 
is drilling a test well on the Lakhra structure... ,”’ printed in the June Bulletin under 
BURMA, should be placed at the end of the section on PAKISTAN. 

Page ro4o. In the next to last paragraph of the section on TRINIDAD, the statement, 
“Part of the gravity studies were carried out in the Gulf of Paria by Trinidad Northern 
Areas, Ltd. (Shell), needs explanation. Trinidad Northern Areas, Ltd. is jointly owned 
by Anglo-Iranian, United British Oilfields of Trinidad (largely owned by Shell), and 
Trinidad Leaseholds, Ltd. The last is the local operator of Trinidad Northern Areas, Ltd. 


1 Manuscript received, July 21, 1949. 
2 Chief research geologist, Standard Oil Company (New Jersey). 
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THE AMERICAN ASSOCIATION OF 
PETROLEUM GEOLOGISTS 


CONSTITUTION! 
ARTICLE I. NAME 


This Association shall be called “The American Association of Petroleum Geologists,” 
incorporated under the laws of Colorado. 


ARTICLE II. OBJECT 


The object of this Association is to promote the science of geology, especially as it 
relates to petroleum and natural gas; to promote the technology of petroleum and natural 
gas and to encourage improvements in the methods of exploring for and exploiting these 
substances; to foster the spirit of scientific research amongst its members; to disseminate 
facts relating to the geology and technology of petroleum and natural gas. 


ARTICLE III. MEMBERSHIP 


Members 


SECTION I. Any person engaged in the work of petroleum geology or in research per- 
taining to petroleum geology is eligible to active membership, provided he is a graduate 
of an institution of collegiate standing, in which institution he has done his major work 
in geology, and in addition has had the equivalent of three years’ experience in petroleum 
geology or in the application of geology to problems involving exploration, development, 
research or other phases of petroleum technology; and provided further that in the case 
of an applicant for membership who has not had the required collegiate or university 
training, but whose standing in the profession is well recognized, he shall be admitted to 
membership when his application shall have been favorably and unanimously acted upon 
by the executive committee; and provided further that these requirements shall not be 
construed to exclude teachers and research workers in recognized institutions, whose work 
is of such character as in the opinion of the executive committee shall qualify them for 
membership. 

Active members alone shall be known as members. 


Life Members 


SECTION 2. The executive committee may grant life membership to members who have 
paid their dues and are otherwise qualified. 


Juniors 


SECTION 3. Any person having completed as much as thirty hours of geology (an hour 
shall here be interpreted as meaning as much as sixteen recitation or lecture periods of one 
hour each, or the equivalent in laboratory) in a reputable institution of collegiate or uni- 
versity standing, or who has done field work equivalent to this, is eligible to junior mem- 
bership, provided at the time of his application for membership he shall be engaged in 
geological studies or teaching in an institution of collegiate or university standing, or shall 
be engaged in petroleum exploration. 

Junior members shall be known as juniors. 

Juniors shall enjoy all the privileges of membership in the Association save that 


1 The constitution and by-laws were adopted 1918, and amended 1921, 1922, 1923, 1925, 1927, 
1928, 1929, 1930, 1932, 1933, 1935, 1936, 1939, 1940, 1942, 1943, 1944, 1045, 1946, and 1949. 
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they shall not hold office, sign applications for membership, or vote; neither shall they 
have the privilege of advertising their affiliation with the Association in professional 
cards or professional reports or otherwise. 

The executive committee may advance to active membership those juniors who 
have fulfilled the requirements for active membership. 


Associates 


SECTION 4. Any person who is a graduate of an institution of collegiate standing in 
which he has done his major work in sciences closely related to, or generally associated 
with, petroleum geology, petroleum exploration, or petroleum exploitation, who does not 
have the full geological requirements for active membership but has the equivalent of 
three years’ experience in the application of his science to the study of petroleum geology, 
shall be eligible to associate membership, provided at the time of his application for mem- 
bership he shall be engaged in some branch of petroleum exploration or in investigations 
in the broader subject of petroleum geology or exploitation. 

Associate members shall be known as associates. 

Associates shall enjoy all the privileges of membership in the Association, save that 
they shall not hold office, sign applications for membership, or vote. 

The executive committee may transfer to active membership, upon application, those 
associates who have, subsequent to election, fulfilled the requirements for active member- 
ship. 

Election to Membership 

SECTION 5. Every candidate for admission as a member, junior, or associate shall sub- 
mit a formal application on an application form authorized by the executive committee, 
signed by him, and endorsed by not less than three members who are in good standing, 
stating his training and experience and such other facts as the executive committee shall 
from time to time prescribe. Provided the executive committee, after due consideration, 
shall judge that the applicant’s qualifications meet the requirements of the constitution, 
they shall cause to be published in the Bulletin the applicant’s name and the names of his 
sponsors. If after at least thirty days have elapsed since such publication, no reason is 
presented why the applicant should not be admitted, he shall be deemed eligible to active, 
junior, or associate membership, as the case may be, and shall be notified of his election. 

With the notice of election shall be included a copy of the constitution and by-laws of 
the Association. 

SECTION 6. An applicant for membership, on being notified of his election in writing, 
shall pay full membership dues for the current year and on making such payment shall 
be entitled to receive the entire Bulletin for that year. Unless payment of dues is made 
within thirty (30) days by those living within the continental United States and within 
ninety (90) days by those living elsewhere, after notice of election has been mailed, the 
executive committee may rescind the election of the applicant. Upon payment of dues, 
each applicant for membership shall be furnished with a membership card for the current 
year, and until such written notice and card are received, he shall in no way be considered 
a member of the Association. 


Honorary Members 


SECTION 7. The executive committee may from time to time elect as honorary members 
persons who have contributed distinguished service to the cause of petroleum geology. 
Honorary members shall not be required to pay dues. 


Ethics 


SECTION 8. Each member, junior, and associate shall be guided by the highest standards 
of business ethics, personal honor, and professional conduct. 
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SECTION 9. Any member, junior, or associate who, after due investigation, is found 
guilty of violating any of the standards of conduct prescribed in Section 8 of this Article, 
may be admonished, suspended, allowed to resign, or dropped from membership in ac- 
cordance with the procedure provided by the by-laws. 


ARTICLE IV. OFFICERS AND THEIR DUTIES 
Officers 


SECTION 1. The officers of the Association shall be a president, a vice-president, a secre- 
tary-treasurer, and an editor. These, together, with the past-president, shall constitute the 
executive committee and managers of the Association. 

SECTION 2. The officers shall be elected annually from the Association at large by 
means of secret mailed ballot in the following manner. The nominating committee shall 
nominate one or more candidates for each office, and its nominations shall be published 
in the September Bulletin. Additional nominations may be made by written petition of 
fifty, or more, members in good standing received at Association headquarters not later 
than November 15. The executive committee shall then prepare a printed ballot, listing 
the candidates for each office, and one ballot shall be mailed to each member as soon after 
November 15 as possible. Ballots returned to Association headquarters on or before Janu- 
ary 31 shall be placed as received in a locked ballot box and promptly after January 31 
the ballot committee shall open the ballot box and count the ballots. Ballots of delinquent 
members shall not be counted. A majority of all votes cast for an office is necessary for 
election. If there are three or more nominees for any office, a preferential form of ballot 
shall be used. In case of a tie vote, the executive committee shall cast one additional decid- 
ing vote. Each candidate, when voted for as a candidate for the particular office for which 
he is nominated, shall be thereby automatically voted for as a candidate for the executive 
committee for one year, except that candidates for the presidency shall be automatically 
voted for as candidates for the executive committee for two years. 

SECTION 3. No one shall hold the office of president for two consecutive vears and no 
one shall hold any other office for more than two consecutive years except the editor who 
shall not hold office for more than six consecutive years. 


Duties of Officers 


SECTION 4. The president shall be the presiding officer at all meetings of the Associa- 
tion, shall take cognizance of the acts of the Association and of its officers, shall appoint 
such committees as are required for the purposes of the Association, except the nominating 
committee, and shall delegate members to represent the Association. He may, at his op- 
tion, serve on, and may be chairman of, any committee, except the nominating committee. 

SECTION 5. The vice-president shall assume the office of president in case of a vacancy 
from any cause in that office and shall assume the duties of president in case of the absence 
or disability of the latter. If the past-president shall for any reason be unable to serve 
as a member of the executive committee, the president shall fill the vacancy by the ap- 
pointment of the next available preceding past-president. 

A vacancy or disability occurring in the office of vice-president, secretary-treasurer, or 
editor shall be filled by majority vote of the executive committee, either for the unexpired 
term or for the period of disability, as the committee may decide. In the case of a tie, the 
president shall cast the deciding vote. 

SECTION 6. The secretary-treasurer shall assume the duties of president in case of the 
absence of both the president and vice-president. He shall have charge of the financial 
affairs of the Association and shall annually submit reports as secretary-treasurer covering 
the fiscal year. He shall receive all funds of the Association, and, under the direction of the 
executive committee, shall disburse all funds of the Association. He shall cause an audit 
to be prepared annually by a public accountant at the expense of the Association. He 
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shall give a bond, and shall cause to be bonded all employees to whom authority may be 
delegated to handle Association funds. The amount of such bonds shall be set by the execu- 
tive committee and the expense shall be borne by the Association. The funds of the Asso- 
ciation shall be disbursed by check as authorized by the executive committee. 

SECTION 7. The editor shall be in charge of editorial business, shall submit an annual 
report of such business, shall have authority to solicit papers and material for the Bulletin 
and for special publications, and, with the approval of the executive committee, may ac- 
cept or reject material offered for publication. He may appoint associate, regional, and spe- 
cial editors. 

SECTION 8. The officers shall assume the duties of their respective offices immediately 
after the annual meeting, which follows their election. 


ARTICLE V. EXECUTIVE COMMITTEE—MEETINGS AND DUTIES 
Executive Committee 


SECTION 1. The executive committee shall consist of the president, past-president, vice- 
president, secretary-treasurer, and editor. 


Meetings and Duties 


SECTION 2. The executive committee shall meet immediately preceding the annual 
meeting and at the call of the president may hold meetings when and where thought ad- 
visable, to conduct the affairs of the Association. A joint meeting of the outgoing and in- 
coming executive committees shall be held immediately after the close of the annual Asso- 
ciation business meeting. Members of the executive committee may. vote by proxy on 
matters which require a unanimous vote. 

SECTION 3. The executive committee shall consider all nominations for membership and 
pass on the qualifications of the applicants; shall have control and management of the 
affairs and funds of the Association; shall determine the manner of publication and pass 
on the material presented for publication; shall designate the place of the annual meet- 
ing; shall appoint the nominating committee and its chairman; and shall be in charge of 
the annual election of officers and decide eligibility and other questions pertaining to the 
election. They are empowered to establish a business headquarters for the Association, and 
to employ such persons as are needed to conduct the business of the Association. They 
are empowered to accept, create, and maintain special funds for publication, research, and 
other purposes. They are empowered to make investments of both general and special 
funds of the Association. Trust funds may be created, giving to the trustees appointed for 
such purpose, such direction as to investments as seems desirable to the executive com- 
mittee to accomplish any of its objects and purposes, but no such trust funds shall be 
created unless they are revocable upon ninety (go) days’ notice. 


ARTICLE VI. MEETINGS 


The Association shall hold at least one stated meeting each year, which shall be the 
annual meeting. The meeting shall be held in March or April at a time and place desig- 
nated by the executive committee. At this meeting the election of members shall be an- 
nounced, the proceedings of the preceding meeting shall be read, Association business 
shall be transacted, scientific papers shall be read and discussed and officers for the ensuing 
year shall be announced. 

ARTICLE VII. AMENDMENTS 
Amendments to this constitution may be proposed by a resolution of the executive 


committee, by a constitutional committee appointed by the president, or in writing by any 
ten members of the Association. All such resolutions or proposals must be submitted at the 
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annual meeting of the business committee of the Association as provided in the by- 
laws, and only the business committee shall make recommendations concerning proposed 
constitutional changes at the annual Association business meeting. If such recommenda- 
tions by the business committee shall be favorably acted on at the annual Association 
business meeting, the secretary-treasurer shall arrange for a ballot of the membership by 
mail within thirty (30) days after said annual Association business meeting, and a majority 
vote of the ballots received within ninety ‘(go) days of their mailing shall be sufficient to 
amend. The legality of all amendments must be determined by the executive committee 
prior to balloting. 


BY-LAWS 


ARTICLE I. DUES 


SECTION 1. The fiscal year of the Association shall correspond with the calendar year. 

SECTION 2. The annual dues of members and associates shall be ten dollars ($10.00). 
The annual dues of juniors for not to exceed three years after election shall be eight 
dollars ($8.00); thereafter, the annual dues of such juniors shall be ten dollars ($10.00). 
The annual dues are payable in advance on the first day of each calendar year. A bill shall 
be mailed to each member, junior, and associate before December first of each year, 
stating the amount of the annual dues and penalty and conditions for default in payment. 
Members, juniors, and associates who fail to pay their annual dues by January first 
shall not receive copies of the January Bulletin or succeeding Bulletins, nor shall they be 
privileged to buy Association special publications at prices made to the membership, until 
such arrears are met. 

During any period in which the United States is actually engaged in war and for a 
period of one year thereafter, the executive committee may at its discretion suspend, re- 
duce, or waive annual dues to members, juniors, or associates serving in the armed 
forces of the United States, or any allied country, without otherwise affecting their mem- 
bership, except that they shall not receive the Bulletin during a period for which no dues 
are paid. 

SECTION 3. On the payment of two hundred dollars ($200.00) any member in good 
standing shall be declared a life member and thereafter shall not be required to pay an- 
nual dues. The funds derived from this source shall be placed in a permanent investment, 
the income from which shall be devoted to the same purposes as the regular dues. 


ARTICLE II. RESIGNATION—SUSPENSION—EXPULSION 


SECTION 1. Any member, junior, or associate may resign from the Association at any 
time. Such resignation shall be in writing and shall be accepted by the executive committee, 
subject to the payment of all outstanding dues and obligations of the resigning member, 
junior, or associate. 

SECTION 2. Any member, junior, or associate who is more than a year delinquent (in 
arrears) in payment of dues shall be suspended from the Association. Any delinquent or 
suspended member, junior, or associate, at his own option, may request in writing that he 
be dropped from the Association and such a request shall be granted by the executive com- 
mittee. Any member, junior, or associate more than two years in arrears shall be dropped 
from the Association. The time of payment of delinquent dues for either one year or two 
years may be extended by unanimous vote of the executive committee. 

SECTION 3. Any member, junior, or associate who resigns or is dropped under the pro- 
visions of Sections 1 and 2 of this article ceases to have any rights in the Association and 
ceases to incur further indebtedness to the Association. 

SECTION 4. Any person who has ceased to be a member, junior, or associate under 
Section 1 or Section 2 of this article may be reinstated by unanimous vote of the executive 
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committee subject to the payment of any outstanding dues and obligations which were in- 
curred, prior to the date when he ceased to be a member, junior, or associate of the Associa- 
tion. 

In the case of any member, junior, or associate who has been dropped between the 
dates of January 1, 1931, and January 1, 1936, for non-payment of: dues and who shall 
apply for reinstatement, the executive committee is authorized, at its discretion, to accept 
the resignation of such member, junior, or associate effective at any date during such 
period of delinquency, provided, the member shall pay all indebtedness to the Association 
incurred prior to the date of such resignation including a proper proportion of annual dues 
as shall be fixed by the executive committee. Such member, junior, or associate shall not 
be entitled to receive the Bulletin for any period subsequent to the date when his resignation 
became effective and prior to his reinstatement. 

SECTION 5. Charges of misconduct in violation of Section 8 of Article III of the con- 
stitution shall first be submitted in writing to the president of the Association by a mem- 
ber in good standing, in confidence, with a full statement of the evidence on which the 
charges are based. If in his judgment they merit further consideration, he shall appoint 
a committee to consist of three past-presidents of the Association, which shall examine 
into the charges. If in the judgment of said committee, the facts warrant, it shall prepare 
and file with the executive committee formal charges against the accused member, junior, 
or associate. As soon as may be after the receipt of such charges the executive committee 
shall fix a date and place for hearing thereupon, and shall give to the accused person notice 
thereof in writing, mailed to him by registered mail at his last-known post-office address 
not less than thirty (30) days before said date accompanied by a copy of the charges, and 
a copy of this article. 

SECTION 6. On the day fixed for the hearing, the accused person may appear before the 
executive committee, either in person or by an accredited representative; hear any wit- 
nesses who may be called in support of the charges; and, at his option, cross-examine the 
same, and hear any documentary evidence, including a statement from himself, in writing. 
At his option, he may by letter waive personal hearing, and request the executive commit- 
tee to adjudge the matter on the basis of a written statement of his defense, mailed to the 
committee before the date set for the hearing. After the conclusion of the hearing, or study 
of written defense submitted in lieu of a personal hearing, the executive committee shall 
consider and vote to approve or disapprove the charges. If the executive committee shall, 
by unanimous vote, declare the charges sustained, it may suspend the accused person 
from membership for a stated period, admonish him, allow him to resign, or expel him. 
Failure of the accused person to appear either in person or by an accredited representative 
shall not prevent the executive committee from proceeding with the trial. 

SECTION 7. If the accused person shall not appear at the hearing nor waive his right 
thereto, and shall within three months after the date set for the hearing file with the execu- 
tive committee an affidavit stating that he had not received notice of the charges against 
him in time to enable him to present his defense, the executive committee shall fix a date 
and place for a hearing not less than thirty days nor more than three months from the 
receipt of such affidavit, and shall immediately notify the accused person by registered 
mail of such date and place. Upon the rehearing, the proceedings shall be governed by the 
provisions of Section 6 of this article. 

SECTION 8. Resignation of the accused person from membership in the Association, at 
any stage of the foregoing prescribed proceedings, shall automatically terminate the pro- 
ceedings. 

SECTION 9. The decision of the executive committee in all matters pertaining to the 
—* and execution of the provisions of Sections 5, 6, and 7 of this article shall be 

al. 
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ARTICLE III. PUBLICATIONS 


SECTION 1. The proceedings of the annual meeting and the papers presented at such 
meetings shall be published at the discretion of the executive committee in the Association 
Bulletin or in such other form as the executive committee may decide best meets the needs 
of the membership of the Association. 

SECTION 2. The payment of annual dues for any fiscal year entitles the member, junior, 
or associate to receive without further charge a copy of the Bulletin of the Association for 
that year. 

SECTION 3. The executive committee may authorize the printing of special publications 
to be financed by the Association from its general, publication, or special funds and offered 
for sale to members and associates in good standing at not less than cost of publication 
and distribution. 

ARTICLE IV. REGIONAL SECTIONS, TECHNICAL DIVISIONS 
AND AFFILIATED SOCIETIES 


SECTION 1. Regional sections of the Association may be established provided the mem- 
bers of such sections are members of the Association and shall perfect an organization 
and make application to the executive committee. The executive committee shall submit 
the application to a vote at a regular annual meeting, an affirmative vote of two-thirds of 
the members present and voting being necessary for the establishment of such a section; 
and provided that the Association may revoke the charter of any regional section by a 
vote of two-thirds of the members present and voting at a regular annual meeting. 

SECTION 2. Technical divisions may be established, provided the members interested 
shall perfect an organization and make application to the executive committee. The execu- 
tive committee shall submit the application to a vote at a regular meeting, an affirmative 
vote of two-thirds of the membership present and voting being necessary for the establish- 
ment of such a division. In like manner, the Association may dissolve a division by an 
affirmative vote of two-thirds of the members present and voting at any annual meeting. 
A technical division may have its own officers, and it may have its own constitution and 
by-laws provided that, in the opinion of the executive committee, these do not conflict 
with the constitution and by-laws of the Association. The executive committee shall be 
empowered to make arrangements with the officers of the division for the conduct of the 
business of the division. A division may admit to affiliate membership in the division 
specially qualified persons who are not eligible to membership in the Association. Tech- 
nical divisions may affiliate with other scientific societies, with the approval of the execu- 
tive committee. 

SECTION 3. Subject to the affirmative vote of two-thirds of the membership present 
and voting at an annual meeting, and with legal advice, the executive committee may ar- 
range for the affiliation with the Association of duly organized groups or societies, which 
by objects, aims, constitutions, by-laws, or practice are developing the study of geology or 
petroleum technology. In like manner and with like advice, the executive committee may 
arrange conditions for dissolution of such affiliations. Affiliation with the Association need 
not prevent affiliation with other scientific societies. Members of affiliated societies who 
are not members of the Association, shall not have the privilege of advertising their affilia- 
tion with the Association on professional cards or otherwise. 


ARTICLE V. DISTRICT REPRESENTATIVES 


The executive committee shall cause to be elected district representatives from dis- 
tricts which it shall define by a local geographic grouping of the membership. Such dis- 
tricts shall be redesignated and redefined by the executive committee as often as seems 
advisable. Each district shall be entitled to one representative for each seventy-five 
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members, but this shall not deprive any designated district of at least one representative. 
The representatives so apportioned shall be chosen from the membership of the district 
by a written ballot arranged by the executive committee. They shall hold office for two 
years, their term of office expiring at the close of the annual meeting. 


ARTICLE VI. COMMITTEES 
Appointment and Tenure 


SECTION 1. There shall be the following standing committees: business committee; 
research committee; committee on geologic names and correlations; committee on applica- 
tions of geology; committee for publication; finance committee; committee on statistics 
of exploratory drilling; trustees of revolving publication fund; trustees of research fund; 
medal award committee; and distinguished lecture committee. 

The president shall appoint all standing committees except the business committee 
and the medal award committee, for which provision is hereafter made. Members of all 
committees except the business committee shall serve for a three-year term, but in rota- 
tion, with one-third of the members being appointed each year. The president shall desig- 
nate the chairmen, annually, shall have power to fill vacancies, and shall notify the mem- 
bers of the committees of their appointment. The president may designate one or more 
vice-chairmen annually. 

In addition to the aforesaid standing committees, the executive committee shall ap- 
point annually a nominating committee and its chairman, the president shall appoint an- 
nually a ballot committee, and annually or semiannually a resolutions committee, and 
such special committees as the executive committee may authorize. Special committees 
shall be appointed for a term of one year. The president shall designate the chairmen of 
such committees. 

Business Committee 


SECTION 2. The business committee shall act as a council and advisory board to the 
executive committee and the Association. This committee shall consist of the executive 
committee, not more than five members at large appointed annually by the president, two 
members elected by and from each technical division, and the district representatives. The 
president shall also appoint annually a chairman and a vice-chairman, but neither of these 
need be one of those otherwise constituting the business committee. The secretary- 
treasurer shall act as secretary of the business committee. If a district or technical repre- 
sentative is unable to be present at any meeting of the committee he may designate an 
alternate, who, in the case of a district representative, may or may not bea resident of the 
district he is asked to represent, and the alternate, on presentation of such a designation in 
writing, shall have the same powers and privileges as a regularly chosen representative. 
The business committee shall meet the day before the annual meeting at which all proposed 
changes in the constitution or by-laws shall be considered, all old and new business shall be 
discussed, and recommendations shall be voted for presentation at the annual meeting. 


Research Committee 


SECTION 3. The purpose of the research committee is the advancement of research, 
particularly within the field of petroleum geology. The committee shall consist of twenty- 
four members unless a different number is authorized by the executive committee. 


Committee on Geologic Names and Correlations 


SECTION 4. The purpose of the committee on geologic names and correlations is to lend 
assistance to authors on problems on stratigraphy and nomenclature and to advise 
the editor and executive committee in regard to the propriety of the use of stratigraphic 
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names and correlations in papers submitted for publication by the Association. The com- 
mittee shall consist of fifteen members unless a different number is authorized by the ex- 
ecutive committee. 

Committee on Applications of Geology 


SECTION 5. The object of the committee on applications of geology is to advise and 
promote ways and means for informing the general public on all phases of geology par- 
ticularly on the natural occurrence of oil and gas underground, the methods of searching 
for these substances, and the methods of exploiting them. The committee shall consist of 
twelve members unless a different number is authorized by the executive committee. 


Committee for Publication 


SECTION 6. The purpose of the committee for publication is to assist in securing desir- 
able manuscripts for publication in the Bulletin or other publications of the Association. 
The committee may also assist in securing papers for delivery at the annual meetings. The 
committee shall consist of twenty-four members unless a different number is authorized 
by’the executive committee. 

Finance Committee 


SECTION 7. The finance committee shall act as financial advisers to the executive com- 
mittee. The committee shall consist of three members. If a member of the finance commit- 
tee should be elected to the executive committee he shall resign from the finance committee 
and the president shall appoint a member of the Association to complete his unexpired 
term. 

Trustees of Revolving Publication Fund 


SECTION 8. Before any publication project shall be undertaken with the use of the 
revolving publication fund the approval of the trustees and the executive committee 
must be secured. There shall be three trustees. If a trustee should be elected to the execu- 
tive committee he shall resign as a trustee and the president shall appoint a member of 
the Association to complete his unexpired term. 


Trustees of Research Fund 


SECTION 9. Before any research work may be undertaken with the use of money from 
the research fund, the approval of the trustees and the executive committee shall be 
secured. There shall be three trustees. If a trustee shall be elected to the executive com- 
mittee he shall resign as a trustee and the president shall appoint a member of the Associa- 
tion to complete his unexpired term. 


Resolutions Committee 


SECTION 10. The resolutions committee shall be charged with the duty of presenting 
at the annual and semi-annual meetings resolutions expressing the Association’s apprecia- 
tion and thanks to those who have worked and contributed to the success of the meetings. 


Medal Award Committee 


SECTION 11. The purpose of the committee shall be to choose recipients for all medals 
or other awards which may be established by the executive committee. The committee 
shall consist of nine members and three ex-officio members. The nine members of the 
original committee shall be appointed by the president, three of whom shall serve for 
three years, three for two years, and three for one year. One of each of the groups appointed 
for the different lengths of time shall be a former president of the Association. Each in- 
coming president shall thereafter appoint three members of the committee to serve for 
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three years, one of which shall be a former president of the Association. Vacancies on the 
committee due to resignation or other causes shall be immediately filled by the president. 
The ex-officio members shall be: (1) the president of the Association, (2) the president of 
the Society of Exploration Geophysicists, (3) the president of the Society of Economic 
Paleontologists and Mineralogists. The president of the Association Shall be the chairman 
of the committee, unless he shall, at his election, name a chairman to serve for one year. 


Committee on Statistics of Exploratory Drilling 


SECTION 12. The function of the committee on statistics of exploratory drilling shall 
be to assemble and compile statistics on the methods used to locate exploratory wells and 
on the results of exploratory drilling for oil and gas, and annually to submit for publication 
in the Bulletin a report summarizing and analyzing these data. This committee shall con- 
sist of twenty-four members unless a different number is authorized by the executive 
committee. 

Distinguished Lecture Committee 


SECTION 13. The purpose of the distinguished lecture committee is to arrange, condtttt, 
and manage a series of self-sustaining, non-profit lecture tours among affiliated societies 
and Association sections by outstanding speakers on timely subjects. The committee shall 
consist of seven members unless a different number is authorized by the executive com- 
mittee. 

Nominating Committee 


SECTION 14. The purpose of the nominating committee is to nominate candidates for 
the Association offices as provided in the constitution. The committee shall consist of a 
chairman and four other members appointed by the executive committee to serve one 
year. At least two members of the nominating committees shall be past officers of the 
Association. 
Ballot Committee 


SECTION 15. The function of the ballot committee is to count the ballots received in 
the regular annual election and to report the final results to the president. A preferential 
form of ballot shall be counted in the following manner. The ballot committee shall count 
first-choice votes only. If no candidate receives a majority, the candidate with the fewest 
votes shall be eliminated and the second choice on his ballots shall be counted as first 
choice for the remaining candidates. The committee shall continue this procedure until 
one candidate has a majority. 

ARTICLE VII. AMENDMENTS 

These by-laws may be amended by vote of three-fourths of the members present and 
voting at any annual meeting, provided that such changes shall have been recommended 
to the meeting by the business committee and provided that their legality shall be deter- 
mined by the executive committee prior to publication. 
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MEMORIAL 


JOsEPH AUGUSTINE CUSHMAN 


JOSEPH AUGUSTINE CUSHMAN 
(1881-1949) 


Joseph Augustine Cushman, distinguished internationally recognized authority and 
foremost micropaleontologist, passed away at his home on Brook Road in Sharon, Massa- 
chusetts, April 16, 1949, in the 69th year of his age. 
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He was an active member of the Unitarian Church of Sharon, Massachusetts, and of 
the Blue Hill Lodge of Ancient Free and Accepted Masons of Canton, Massachusetts. 
He was director of the Cushman Laboratory for Foraminiferal Research, founded by him 
in 1923, where he published “The Contributions from the Cushman Laboratory for 
Foraminiferal Research,” the first issue of which was distributed in April, 1925. His earliest 
research studies of foraminifera date back to 1904. From 1912 to 1923, he served as con- 
sulting micropaleontologist for the United States Geological Survey. This connection was 
severed in 1923, when he was engaged for commercial work, but resumed in later years. 
He had been chairman of the Committee on Micropaleontology for the National Research 
Council since 1930. His service to the Boston Society of Natural een was continuous 
since 1903 as curator, director, and trustee. 

His varied scientific interests included botany and ornithology. His diversional hob- 
bies consisted of genealogy, philately, painting and photography. The little time he spared 
for recreation was spent in tramping through the woods, and fishing in the White Moun- 
tain streams of New Hampshire. At various periods he was interested in boats and sailing. 

Joseph rose from adversity, wholly through his ability, ingenuity, and hard work, to 
become one of our great scientists, the greatest in his field, whose passing will retard the 
progress of the science to which he devoted his lifetime, and whose position in, and con- 
tributions to, the branch of foraminiferal science may never be filled or equalled. 

Joseph was born, January 31, 1881, son of Darius Cushman and Jane Francis (Fuller) 
Cushman. His grandparents, Thomas and Lucy (Pratt) Cushman, and Alfred Fuller and 
Mary (Mitchell) Fuller, were of English descent. During the later years of his life, to re- 
lieve the tension and fatigue built up in the laboratory by long hours of intensive study, 
he took up New England genealogy as a hobby, working out a complete history of the 
first seven generations of the Cushman family in New England, beginning with Robert 
Cushman, who migrated to the Plymouth Colony in 1621. He learned that there were ten 
ancestors on his father’s and mother’s side of the family who made the voyage on the 
Mayflower from England. These relatives settled with the Pilgrims in Plymouth County, 
Massachusetts, and Joseph often said that when he moved to Sharon, he was the first of 
his line to leave that county in 300 years. 

Darius Cushman was not strong physically, being lame, walking with difficulty, and 
becoming less active and less able to work, while Joseph was young. He was 51 years of 
age when Joseph was born. He owned a small store, where he sold and repaired shoes. The 
family lived on the second floor over the store. This house still stands, facing the green in 
Bridgewater, Massachusetts. The printing shop in which the “Contributions” and ‘‘Spe- 
cial Publications” are printed is located just back of it. 

Joseph was 2 years old when his grandmother Cushman passed away, and his parents 
together with a brother, a half-brother, and Joseph joined his grandfather on the farm, 
a half mile distant from Bridgewater. The farm house was on the bank of the river, and 
it was there that he learned to swim, handle small boats, and skate. In later years, he be- 
came interested in sailing, and could manage small skiffs with great skill. His grandfather 
Cushman passed away while asleep in his chair in 1889, at the age of 94 years. Thomas 
Cushman had been a school teacher for 34 years, at the same time representing Bridge- 
water in the State Legislature. Joseph was 8 years of age when his grandfather died, and 
being closely associated with him in the farm home, became very fond of him. Quotations 
written by Thomas Cushman in the family album were cherished by Joseph. One bit of 
philosophy in Thomas Cushman’s handwriting reads as follows. 


The best preparation for all the uncertainties of futurity consists in a well ordered mind, a good 
conscience, and a cheerful submission to the will of Heaven. 


Joseph entered public school in 1885 at the age of 4 years, and high school at 12, 
graduating in 1897. He lost his father that year. Although under the required age, he was 
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permitted to enroll in the Bridgewater State Normal School under the condition that he 
complete the full 4 years at that school. He completed the Normal School courses in rgot. 

After his father’s death, and during the period he attended the Normal School, Joseph 
and his mother experienced several years in which they were in poor financial circum- 
stances. She took in Normal School student boarders, and Joseph worked at odd jobs 
that could be handled before and after school, to help meet expenses. Joseph’s ambition 
at this time was to become a surgeon; but in his own appraisal of the situation: 


I knew that it would be necessary for me to work my way through College, and felt that I would be 
too old by the time I was prepared to enter the profession as a full fledged surgeon. 


Upon graduation from the Bridgewater State Normal School in 1901, Joseph was 
awarded a scholarship for Harvard University, entering the Lawrence Scientific School 
with junior-grade standing. He graduated magna cum laude with the class of 1903, re- 
ceiving the Bachelor of Science degree in geology. Immediately after receiving his degree 
from Harvard, he was appointed curator for the Boston Society of Natural History, a 
position he filled until 1913. He was then advanced to director of the Society, resigning 
this position in 1923. He related an incident during the period he was employed in the 
Museum in Boston illustrating the adversity under which he labored in college, as well 
as in Normal School. During the period he was curator for the Society, he was studying 
and sectioning foraminifera. ‘““Brady’s Challenger Report,” a lighted alcohol lamp, a 
razor hone, and his sketches and notes were on the desk. During his absence to answer 
the telephone, a gust of wind blew the sheets of paper into the flame, igniting them, and 
singeing the edges of the rare volume, out of print for many years. The book was sent to 
the binder, the charred edges trimmed and the book rebound. After a prolonged search, 
another copy of the “Challenger Report” was located to replace the one he had borrowed. 
He stated, “It took a very long time for me to save enough money to pay for the new 
book.” 

In 1903, Joseph was married to Alice Wilson. Three children were born to this union, 
Robert Wilson, Alice Eleanor, and Ruth Allerton. Mrs. Alice Cushman died in 1912, leav- 
ing him the sole responsibility of caring for three small children, along with his duties at 
the Museum and his research work. This was, as he explained, a very trying time. To care 
for the children, he employed a very remarkable housekeeper, Miss Susan Trueworthy, 
who remained one of the family until her death. When she called to consider the situation, 
she flatly stated that under no conditions would she accept the position if Joseph used 
liquor, or tobacco in any form, which of course he never did. In 1913, he married Frieda 
Billings, who, together with his three children and five grandchildren, survive him. 

Joseph first became interested in geology while in Normal School, taking a course 
taught by professor Charles P. Sinnott, father of Dr. Edmund Sinnott, who became presi- 
dent of Yale University. He was interested in the foraminifera during his undergraduate 
days at Harvard, but had not then fully decided to specialize in the science as his life’s 
work. During the summers of 1904 and 1905, he visited Wood’s Hole, the location of the 
United States Biological Laboratory. He met Miss Mary J. Rathbun at the Laboratory, 
who encouraged him to take up a study of the foraminifera, a field which was being neg- 
lected. Her brother, Dr. Richard Rathbun, then head of the National Museum in Wash- 
ington, sent him samples from dredgings that had been collected by the Albatross Expedi- 
tion. From this recent material, he prepared Bulletin No. 71, “A Monograph of the 
Foraminifera of the North Pacific,” Bulletin roo, Vol. 4, “Foraminifera of the Philippine 
and Adjacent Seas,” Bulletin 104, “The Foraminifera of the Atlantic Ocean,” and others. 

Dr. Robert Tracy Jackson, one of the professors under whom he studied at Harvard, 
acting in an advisory capacity, became interested in Joseph. He appointed him laboratory 
assistant during his senior year at Harvard, and recommended him for the position of 
curator for the Boston Society of Natural History in 1903. There existed a deep friendship 
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and mutual respect between Dr. Jackson and Joseph which ended only with Dr. Jackson’s 
death in 1948. Each year Joseph endeavored to visit Dr. Jackson at his home in Peter- 
borough, New Hampshire. Dr. Charles S. Minot, dean of the Harvard Medical School, and 
director of the Boston Society of Natural History, took a great interest in Joseph during 
his college days and during the period he worked in the Museum in Boston, arranging for 
him to continue in graduate work while he was employed by the Society. He was granted 
the Ph.D. degree from Harvard University in 1909. 

Joseph felt that in taking up the study of foraminifera, the living and recent forms 
should be studied first, before working with the older fossil foraminifera, and when Dr. 
Jackson invited him to join the Carnegie Expedition to Jamaica in 1912, the opportunity 
was offered to study their reactions to heat, light, colors, variable temperatures and salin- 
ity of water, methods of locomotion, and reproduction. He was intensely interested in the 
sedimentary environment with which the genera and species were associated, and from his 
investigations, was then able to reconstruct the conditions of sedimentation prevailing 
locally during the lifetime of like genera and species. The locations of definite assemblages, 
genera, species, and varieties were recorded on world maps together with the ecological 
data pertaining to those localities. In the summer of 1913 forams were collected around 
Harpswell, Maine. The summer of 1919 was spent at the Carnegie Institute’s Tortugas 
Laboratory off Florida in studying the living foraminifera. 

At the time Joseph chose to spend his life in the study of foraminifera, there was no 
indication that the science would be of economic value. He considered his research as a 
pure science. In 1914, Dr. L. W. Stephenson, with the United States Geological Survey, 
sent artesian water-well samples to him from South Carolina to see whether Joseph could 
correlate the sands by means of the foraminifera in the shales above and below them. Be- 
ing questioned about his first economic use of the foraminifera, in a letter dated February 
6, 1935, he said, “I used the forams first in identifying water sands in wells in South Caro- 
lina.” Some of the results of this work were published in Stephenson’s paper on “‘A Deep 
Well at Charleston, South Carolina,” United States Geological Survey Professional Paper 
go-H (December 31, 1914), pp. 79-81. From this date he began to use foraminifera in the 
subdivision and correlation of subsurface strata penetrated in wells being drilled for oil. 

Joseph’s first connection with the United States Geological Survey was in 1912 as 
a specialist on the foraminifera under Dr. T. Wayland Vaughan in the old “Section of 
Geology of the Coastal Plain.” This connection was severed in 1923, and resumed in 
1930 under the “Section of Paleontology and Stratigraphy.” From 1930 to 1949, Joseph 
was called on for a certain amount of service, age determinations, and identifications for 
field men, to assist in mapping outcropping strata, much of which did not lead to pub- 
lished reports. Sometimes the fauna from a suite of samples collected by United States 
Geological Survey field geologists was the stimulus for a paper, or the presence of an 
abundance of some group led to a discussion of that group. The assembling of material 
and working out the revision of families and summaries of faunas like that of the ‘“‘Cre- 
taceous of the Gulf Region” and the “Paleocene”’ (awaiting publication) extended over a 
period of years. 

In the summer of 1920, he was appointed a delegate to the First Pan-Pacific Sciences 
Congress held in Honolulu. He delivered a paper at this meeting, “The Status of the Gen- 
eral Knowledge of the Pacific Foraminifera,” Special Publication, Bernice P. Bishop Mu- 
seum No. 7 (1921), pp. 284-89. 

Although many of the oil companies were becoming interested earlier in the use of 
microlithology and micropaleontology as a means of correlating the strata in wells, it 
was not until 1920 that a systematic collecting of well samples was begun. About the 
same year laboratories began to be established, but only by a few of the companies op- 
erating along the Gulf Coast. The Marland Oil Company of Ponca City, Oklahoma, was 
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one of the early companies to recognize the foraminifera as a valuable tool in obtaining 
more accurate correlations. In 1922, this company retained Joseph for work in Mexico. 
Accompanied by Dr. van der Gracht, he made a trip to Mexico for the purpose of correlat- 
ing core holes being drilled on the Limeon Concession, and mapping surface beds for 
structure. In 1923, Earl A. Trager and Fritz L. Aurin spent some time in the Laboratory 
at Sharon, correlating core-hole samples, and studying the foraminifera, and correlation 
methods. In 1924, James I. Daniels visited the Laboratory for the same purpose in con- 
nection with core holes being drilled along the fault line in East Texas. Donald Hughes, 
from California, also spent considerable time in the Laboratory the same year. 

The retaining fee paid Joseph by the Marland Oil Company enabled him to build the 
Laboratory for Foraminiferal Research in 1923. He had planned for such a Laboratory for 
several years. However, as he said, 


I was very unhappy in commercial work because the samples came in such quantities, and the results 
were expected so quickly, that there was not sufficient time to study the faunas thoroughly. 


He severed his connections with the Marland Company in 1924, and did not again engage 
in commercial work except for a brief trip to California in 1925. 

The first students registering for courses in micropaleontology at Harvard, Radcliffe 
College, and Massachusetts Institute of Technology were accepted in 1926. Many stu- 
dents came from foreign countries, Japan, China, the East Indies, England, Mexico, and 
South America, and those unable to make the trip to Sharon sent duplicate material to 
him which was developed into joint papers, usually being published in the “Contributions” 
issued quarterly from the Laboratory. Many micropaleontologists went to Sharon for 
help in the identification of their microfaunas in order to complete correlations and 
stratigraphic reports for the companies by whom they were employed. 

There were never more than five or six students registered for courses in micropaleon- 
tology at one time, and usually not more than two or three studying in the Laboratory on 
the same day. The lectures were very informal. Joseph was an inspiring instructor in pre- 
senting the families, subfamilies, genera, and species and their evolution which he could 
trace through thousands of feet of sediments. His lectures opened many avenues of inter- 
esting research so that with the necessary curiosity and ingenuity, the students could 
follow any one of the many leads offered them. His criticism of the students’ work was 
subtle, humorous, and constructive. He was overly generous with his time and help, and 
his patience was unlimited, even with those who were only interested in acquiring a few 
hours of science toward a degree. Many students were assisted financially by being as- 
signed odd jobs in the Laboratory, picking slides of foraminifera from type material, wash- 
ing samples, or photographing the text and plates from new publications. He would say 
to students apologizing for interrupting his work for questions, ‘Don’t apologize, I am 
learning as much from you as you are from me.” His extreme modesty was also indicated 
by saying, “I won’t know much about the foraminifera after I have spent an entire life- 
time studying them.” 

Joseph was in reality, a perfectionist, precise, methodical, efficient, and thorough in 
the foraminiferal research in which he would completely lose himself, often working 12-15 
hours daily. He was blessed with a phenomenal memory. His extreme curiosity and ability 
to detect the slightest evolutionary changes in the foraminifera enabled him to cut the 
species closer than most of the micropaleontologists. Mrs. Frieda Cushman thinks that 
the study of the minor variations in the coloring and printing of stamps sharpened his 
powers of observation to a high degree, benefiting him in the study of foraminifera in 
later years. The original stamp collection which he studied and enlarged throughout his 
lifetime was inherited from his grandfather. It is an especially fine one because of his large 
and continuous correspondence with paleontologists in foreign countries. 
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Joseph often said, 


I make many mistakes, and continue to make them, but most of them are the result of using the 
literature, rather than the actual specimens as a basis for generic and specific determinations. 


In order to correct previous and prevent future errors, he made two trips to Europe, the 
first in 1927, and again in 1932. He was accompanied on the first trip by Mrs. Cushman 
and his daughter, Ruth. In 1932, Mrs. Cushman, Frances Parker, and Margaret Moore 
accompanied him. As a representative of the Smithsonian Institute, he made advance 
arrangements to visit the many European museums. In planning these trips he prepared 
loose-leaf notebooks, containing sheets of paper with the original descriptions and photo- 
graphs or drawings of the genera and species which he hoped to see in the museums, uni- 
versities, and private collections. He also prepared slides of foraminifera which he had 
tentatively identified with the European genera and species for comparison with the ac- 
tual specimens, either verifying the determinations, or noting the differences in his speci- 
mens from the types. He corresponded with many scientists, making appointments for 
consultation upon his arrival. He studied the slides of foraminifera in the various foreign 
collections, and if the specimens had not been properly illustrated or described, they were 
refigured and redescribed, and errors of generic or specific determination corrected. 
Whenever possible, he collected samples from type localities from which many of the 
original genera and species were described. 

During the two European trips, he visited Cherbourg, Interlaken, Zermatt, Bologna, 
Rimini, Florence, Siena, Rome, Naples, Pompeii, Venice, Lido, Bolzano, Munich, Niirn- 
berg, Dresden, Berlin, Potsdam, Frankfurt, Caen, Brussels, Folkstone, Dover, Pegwell 
Bay, London, Coventry, and Chester. On this tour, he consulted many scientists engaged 
in foraminiferal research, Dr. Steffanini, Dr. Paalzow, Dr. Franke, Dr. Richter, Dr. Canu, 
Dr. Macfadyen, Mr. Earland, Mr. Heron-Allen, Capt. Potts, and Dr. Ozawa. Outcrop 
material was collected at Bologna, Rimini, Coronica, Lido, various localities in the Paris 
Basin, Folkstone, Dover, and Pegwell Bay. He viewed many collections, at the University 
of Siena, the Egger, Schwager, and v. Miinster collections, the Reuss, Ehrenberg, and 
Franke collections, Davies, Schlumberger, Douvillé, Nuttall, Abich, Stache, d’Orbigny 
collections, and the Defrance collections upon which many of Lamarck’s species were 
based. At the British Museum, he examined the Brady, Heron-Allen, and Earland and 
Millett’s collections. On the 1932 trip, he visited Vienna for the examination of collec- 
tions by Reuss, Karrer, Marsson, Stache, Hantken, v. Miinster, Seguenza, and Costa. He 
met Miss Adametz and collected outcrop material at Baden, Voslau, and Nussdorf. Dr. 
Franke arranged for the Beissel collection to be sent from Berlin to Arnstadt for examina- 
tion. He met Dr. Wanderer at Dresden. Outcrop samples were collected at Pirna and 
Planermergel. At Prague he viewed the collections at Czek University where he met Drs. 
Perner, Wiesner and Sulc. He consulted with Drs. Liebus and Storm and studied the 
foraminiferal collection at the German University. On this trip he stopped at Munich and 
Nurnberg where he met Dr. Paalzow. 

The European scientists were very cooperative and the friends made on these trips 
were of great value to him in his later work. Material and ideas were exchanged with these 
scientists and many others with whom he became acquainted through correspondence. 
Among some of the collections were bottles of washed samples or mounted material in 
such quantities that he was presented with a portion of the type material. Joseph often 
remarked, “The foraminiferal synonymy is enormous.” This trip to Europe was his way 
of getting at the root of the problem by seeing the collections forming the foundation of a 
comparatively young science. 

The Laboratory at Sharon houses one of the most complete libraries of foraminiferal 
publications. In the earliest days of the science a very few copies of a publication were 
printed. One copy of such rare publications may be found in this library. Photographs of 
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the text and plates in the old volumes were used as a reference, rather than the original. 
In 1927, there were more than 3,000 films which were made available for printing to stu- 
dents or visitors studying the foraminifera. Many a library was enriched by copies of the 
text and plates from rare and out-of-print publications. Joseph was always much con- 
cerned lest the books and type specimens be destroyed by fire, and in 1929 he added a 
fireproof room to the laboratory to house this library and the type collection. 

Dr. John B. Reeside, Jr., in a letter of May 25, 1949, expresses, the sentiments of all 
scientists acquainted with Joseph Cushman’s work. - 


I have not known anyone who had as much enthusiasm for his work as Dr. Cushman, or who worked 
more effectively. His output was prodigious. I recall a review by one of the English students of 
foraminifera, either Heron-Allen or Earland, in which he referred to the productivity at Sharon, in 
these words, ‘‘the incredible Dr. Cushman.” 


Joseph Cushman and his Laboratory organization have accomplished an astonishing 
amount of work. A card catalogue was kept up to date of the genera and species from all 
foraminiferal publications. This catalogue numbering about 95,000 cards shows the fig- 
ures or photographs and text copied from the original publications. It increased about 
5,000 cards each year. The type collection of foraminifera consisting of holotypes, figured 
paratypes, and plesiotypes numbers about 13,000 slides. The special reference collection 
including unfigured paratypes, topotypes, and other specimens represents about 6,000 
species and varieties. The catalogued slides in the general collection have now exceeded 
the 62,000 mark, and the uncatalogued slides are nearly as numerous. There is a large 
collection of washed and unwashed material which was used as a reference, from which 
type specimens and duplicate species were obtained. The library and all the slides of 
foraminifera and extra material were bequeathed to the Smithsonian Institution, to be 
cared for by the National Museum in Washington, D. C. 

Joseph loved the beauty provided by natyre, the mountains, streams, rocks, seas, 
plants, and animals, especially the birds. The happiest recreational moments in the later 
years of his life were spent in the White Mountains of New Hampshire, photographing in 
color, climbing the mountains, and fishing for trout. He and Mrs. Cushman assembled a 
very complete camping equipment for use on their vacation trips, but later a home was 
purchased in New Hampshire to which he moved the necessary eqiupment and material 
for study during the summer months. 

He was surprisingly familiar with the birds of the New England states, often attending 
lectures sponsored by the Audubon Society. Small birds were trapped and banded at the 
Laboratory, and the reports checked to see where and how distant the New England varie- 
ties had been noted. This interest in bird life was acquired from his father, who had been 
very much interested in ornithology. 

Observing Joseph sketch foraminiferal specimens under the microscope, one realized 
that he was endowed with natural artistic talent. He could sketch in the sutures, apertures, 
and external ornamentation, all specific characteristics, from which species could be iden- 
tified from anyone’s collection. His talent did not end there for he could paint landscapes 
on a par with the work of professional artists. His caricatures of the members of the Cush- 
man family in their varied daily activities, representing them as penguins, were further 
evidence of his versatility along artistic lines. 

His knowledge of botany stimulated through courses taken in college was increased 
through the years. He could identify most of the plants, wild flowers, and trees in the 
White Mountains. His knowledge of the plant life over all the New England states was 
amazing. It had been acquired while collecting botanical specimens for the Boston Society 
of Natural History. During the summers of 1907 and 1910, he collected plants from the 
vicinity of Moosehead Lake, Mt. Katahdin, down the Allagash River, in the Belknap 
Mountains, in southern New Hampshire, and around Lake Champlain in northern Ver- 
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mont. However, he had previously published many articles dealing with plants and the 
fresh-water algae from various localities. 

Joseph was a student of world affairs, state, and local politics. He found time to take 
part in the civic activities of his community. As a boy, he learned the value of time and 
money, and how to accomplish the most with both. His ability to diagnose future busi- 
ness conditions was uncanny, and few scientists possess the acumen with which he han- 
dled investments. In spite of this, he was interested in money only as a means of increas- 
ing and spreading the knowledge of the foraminiferal science among others. That desire 
and willingness to help others was made manifest in many ways. In a letter from the hos- 
pital in 1943, he wrote, 

We have a neighbor who has just lost her husband. Her daughter will graduate from Massachusetts 
State College this year. She has had considerable geology and has been studying the Tertiary and 
Upper Cretaceous Microfaunas in the Laboratory for several months. You probably have some idea 


of the demand for paleontologists, and whether she can find employment with an oil company. As 
the boys of the family are all in the Service, I know the daughter needs work. 


Dr. Cushman was a member of many scientific societies and the recipient of many 
honors bestowed on him by those learned groups. In 1937, the honorary degree of Doctor 
of Science was conferred on him by Harvard University. The Royal Microscopical Society 
of London elected him an Honorary Fellow in 1938. In 1945, he was presented with the 
Hayden Memorial Geological Award and Gold Medal for 1944 by the Academy of Natural 
Sciences in Philadelphia in recognition of his contributions to the geological sciences. He 
was active in the councils of the Geological Society of America, serving as its vice-presi- 
dent in 1938, and of the Paleontological Society, which elected him president in 1937. He 
was a charter member of the Society of Economic Paleontologists and Mineralogists, or- 
ganized in 1927, serving as the first editor of the Journal of Paleontology. He was elected 
president of the Society in 1930. 

Dr. Cushman’s greatest achievement @nd contribution to the field of the foraminiferal 
science is probably the re-classification of the foraminifera in the publication, ‘“‘Foraminif- 
era, Their Classification and Economic Use” with three revisions, the final one in 1948. 
The “Contributions” from the Cushman Laboratory for Foraminiferal Research, pub- 
lished quarterly for 25 years, are a major contribution to the science and to the many 
professors teaching micropaleontology in the schools, those studying foraminifera or work- 
ing with them in commercial laboratories. The contributions, devoted to the newly created 
genera and species, and a bibliography of the new publications are indispensable to stu- 
dents of the foraminifera. 

One of the greatest tributes paid Dr. Cushman is the consternation among the ranks 
of the micropaleontologists all over the world in anticipation of the discontinuance of the 
“Contributions.” There is already considerable correspondence between micropaleontolo- 
gists formulating tentative plans for continuing these publications. 

The loss of Dr. Cushman is irreparable, creating an abyss impossible to bridge. The 
unbounded energy and enthusiasm with which he worked, undimmed by adversity or fail- 
ing health, set an example for everyone in all walks of life. He was one of our greatest 
scientists, an inspiring teacher, loved by his many friends, respected and admired by his 
colleagues. As great as is the personal loss of Dr. Cushman, we should be grateful that he 
was with us for so many years and that he has enriched us by his exemplary life, his teach- 
ings and writings with truths which will endure forever. 


MEMBERSHIP IN AND AFFILIATION WITH SCIENTIFIC SOCIETIES 


Trustee of the Boston Society of Natural History 
Member of the National Research Council 
Fellow of the American Academy of Sciences 
Fellow of the Geological Society of America 
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Fellow of the Paleontological Society 

Fellow of the American Academy of Arts and Sciences 

Member of the Washington Academy of Sciences 

Member of the New England Botanical Club 

Member of the American Association of Petroleum Geologists 
Member of the Society of Economic Paleontologists and Mineralogists 
Member of the California Academy of Sciences 

Member of Sigma Xi 

Honorary Fellow of the Royal Microscopical Society 

Member of the American Geographical Society 


Acknowledgments.—The source of the foregoing information was furnished by Mrs. 
Frieda Cushman, Miss Alice Cushman, Miss Ruth Todd, Dr. John B. Reeside, Jr., Dr. 
L. W. Stephenson, James I. Daniels, Fritz L. Aurin, and from conversations with Dr. 
Cushman in 1926-1928. Dr. Cushman’s voluminous bibliography, numbering well over 
500 articles, monographs, and books, is omitted from this memorial. Early next year a 
Memorial Volume in the “Contribution Series” is planned, which will include the complete 
bibliography. 

James A. WATERS 

Dallas, Texas 

July 5, 1949 


CHARLES WORTH FOWLER, JR. 
(1899-10948) 
BIOGRAPHY 


Charles Worth Fowler, Jr., was born, July 5, 1899, at Mebane, North Carolina. He 
died, September 30, 1948, at Tulsa, Oklahoma. Death was induced by a heart attack which 
began on the plane between New York and Tulsa. Mr. Fowler died about 4 hours after his 
plane reached Tulsa. - 

Charles Fowler graduated from the University of North Carolina in 1921, with a de- 
gree in geology. He joined the Gulf Oil Corporation in Mexico and remained there from 
1921 through 1925. He then joined the firm of Brokaw, Dixon, Garner, and McKee as a 
consulting geologist assigned to special work in Mexico. He remained with this firm until 
1939. In that year he became consulting geologist for the Argentine Government. Later he 
joined the Pantepec Oil Company as a geologist in Venezuela. 

In 1945 Mr. Fowler organized the United Oil Well Service in conjunction with Herbert 
Hoover, Jr., and A. A. Curtice, and was engaged in that business in Venezuela with head- 
quarters in Caracas until his death. 

In 1926 Mr. Fowler married Mary Dickson Riddick in Asheville, North Carolina. Mrs. 
Fowler and one son, Charles W. Fowler III, who is a student at the University of North 
Carolina, survive. 


APPRECIATION 


The first time I met Worth Fowler was at the airport of Comodoro Rivadavia, Argen- 
tina. It was a bleak, cold, windy Sunday, a day on which it would have been much nicer 
to have been in his house in the YPF camp with his family. He was at the airport looking 
for a passenger who would take a package to a friend of his, farther south in Patagonia, in 
short, doing a favor for a friend. This was typical of the man. 

Prior to coming to Argentina where he was consulting geologist for the Yacimientos 
Petroliferos Fiscales, Mr. Fowler, after completing his work in geology at the University 
of North Carolina, spent a number of years in Mexico. On one of his vacation trips from 
Mexico, he married Mary Dickson Riddick, who like many another geologist’s wife, went 
along with her man and made a home wherever they might be located. 
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CHARLES WorTH FowLER, JR. 


Following his stay in Argentina, Mr. Fowler came to Venezuela, where, after a period 
of service with the Pantepec Oil Company, he represented the United Oil Well Service, in 
which he was associated with Herbert Hoover, Jr., and A. A. Curtice. 

Mr. Fowler was a member of the American Association of Petroleum Geologists, the 
American Institute of Mining and Metallurgical Engineers, and the Masonic Order, as 
well as being a geologist and a good friend. 

GEoRGE A. SEVERSON 

Caracas, Venezuela 

June 17, 1949 


HAROLD H. HENDERSON 


(1905-1949) 
Harold H. Henderson, known to his many friends in the entire oil industry in the south- 
west as “Heinie,” died in San Angelo, Texas, of a heart attack on June 22, 1949. He never 
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H. HENDERSON 


married and is survived only by his mother, Mrs. Alexandra Henderson, of San Antonio, 
Texas. 

He was born in Navasota, Texas, on June 27, 1905, and spent his entire life in the 
southwest. He graduated from New Braunfels High School with highest honors in 1920 
and from the University of Texas as a petroleum geologist in 1924. He was a member of 
Sigma Gamma Epsilon and served as vice-president. 

In 1924 he was employed by Ricker and Dodson and shortly was placed in charge of 
the San Angelo office of the Tidal Oil Company. In 1927 he became associated with Peer- 
less Oil and Gas Company, directing all their subsurface work until 1930. During this 
period of his career, Heinie mapped numerous wildcat structures in the Permian basin, 
several of which have since paid off. 

In 1934 he and Wm. W. Harvey formed the partnership of Harvey and Henderson 
which soon became prominent in South Texas. Among their successful ventures was the 
opening of the Seven Sisters field in Duval County. 

For 25 years Heinie was an enthusiastic member of the American Association of 
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Petroleum Geologists and the South Texas Geological Society both of which he served in 
many committee assignments. 

Outside his work, Heinie’s principal interests were tennis, swimming, and fishing. 
During his University days he was on both the tennis team and the swimming team, and 
his interest in these sports continued throughout his entire life. He was respected and ad- 
mired for his sound business judgment, keen sense of humor, and all-around. good sports- 
manship. 

He will be missed by his many friends. 

THORNTON Davis 


San Antonio, Texas 
July 12, 1949 
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AT HOME AND ABROAD 


NEWS OF THE PROFESSION 


Present at the dedication ceremonies in connection with the opening of the Kansas 
Geological Society’s new Service Building were C. W. Tomitnson, president of the 
A.A.P.G., C. E. Dost, past-president, and other prominent A.A.P.G. members pictured 
here. The new building, the first to be built and owned by a local geological society, will 
be the permanent home of the Kansas Well Log Bureau and the Kansas Well Sample 
Bureau, both sponsored by the Kansas Geological Society, and will provide a meeting 
place for study groups. 


| 


Present on ‘‘A.A.P.G. Day,” May 27, 1949, at the dedication ceremonies of the Kansas Geolog- 
ical Society’s new Service Building were (left to right) FRANK A. OysTER, district representative; 
Don W. Payne, president of the Kansas Geological Society; E. C. Moncrier, former secretary- 
treasurer of the A.A.P.G.; C. W. Tomiinson, A.A.P.G. president; Jack H. HEATHMAN, district rep- 
resentative; C. E. Dossrn, past-president; Epwarp A. Koester, former secretary-treasurer. 


Nine full-time employees, under the direction of Harvel E. White, manager, compose 
the staff of the Kansas Well Log Bureau and Kansas Well Sample Bureau. Various types 
of logs of wells drilled in Kansas and the northern Mid-Continent, including electric logs, 
radioactivity logs, drilling time logs, and cable tool driller’s logs are available as a possible 
service and may be obtained by writing the Kansas Well Log Bureau, Emporia and 
Murdock Streets, Wichita, Kansas. 
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The officers of the Kansas Geological Society are: president, Don W. Payne, Sinclair 
Prairie Oil Company; vice-president, T. G. Wricut, Stanolind Oil and Gas Company; 
secretary-treasurer, VICTOR F. REISERER, Superior Oil Company. 


THERON WASSON is a member of the executive committee which, for the past 2 years, 
has been active in the reorganization and reconstruction of the Century of Progress 
World’s Fair petroleum exhibits which were transferred to the Museum of Science and 
Industry in Chicago. He was on the original A.P.I. committee which in 1931 planned and 
constructed the Century of Progress exhibits. The reconstruction work now going on is 
financed by contributions from the same companies who contributed to the Century of 
Progress oil exhibits. The work now under way plans to cover the origin of oil and its 
occurrence in the rocks of the earth. Dioramas will show the relation of oil, gas, and water 
in the rocks and how they are found in structural traps. Various types of drilling equip- 
ment from the Drake well to the modern rotary will be shown by models in a large diorama. 
Exploration by seismograph and other geophysical methods as originally designed by the 
Colorado School of Mines will be retained among the working exhibits. It is contemplated 
in the future to add exhibits illustrating refining, transportation, and marketing. 


At the June 13 meeting of the Houston Geological Society, the following officers were 
elected for the forthcoming year, beginning July 1, 1949: president, HERSHAL C. FER- 
GUSON, consultant; vice-president, R. R. RrEKE, Schlumberger Well Surveying Corpora- 
tion; secretary, JAMES H. McGuirr, Tide Water Associated Oil Company; treasurer, 
Marjorie Fuqua, Humble Oil and Refining Company; advisory committee, FRANK 
REeEpy, JR., JAcK O. DAN E. Boones, and A. F. CHILDERS, JR. 


WALTER H. OrvELL is employed by the Richmond Exploration Company in Mara- 
caibo, Venezuela. 


GeEorGE S. Hume is director of the Mines, Forests, and Scientific Services Branch of 
the Department of Mines and Resources of Canada. His address is 238 Sparks Street, 
Ottawa, Ontario, Canada. 


H. E. Jacks graduated from the A. and M. College, College Station, Texas, in June, and 
is now employed in the geology department of the Lone Star Gas Company, Dallas, Texas. 


Hucu D. Miser, of the United States Geological Survey, was the recipient of the 
honorary degree of LL.D., bestowed by his Alma Mater, the University of Arkansas, 
Fayetteville, at its 75th Spring Annual Commencement in June. 


Haroip D. Jenxuys has resigned his position as chief geologist for the Kerr-McGee 
Oil Industries, Inc. to become vice-president of the Decem Drilling and Production 
Company, Oklahoma City. 


Victor C. MILLER resigned as photogeologist with the Sinclair Wyoming Oil Com- 
pany at Denver, Colorado, on June 1, and after a temporary connection with Geophoto 
Services this summer, he is to serve as a lecturer in geology at Columbia University, New 
York City, while continuing his work on the doctor’s degree. 


G. Lestre Wurppte has left the Richmond Exploration Company of Venezuela and 
has returned to the United States. His address is 3936 Elm Avenue, Long Beach, Cali- 
fornia. 


Rosert L. ALLARDYCE, formerly with the Stanolind Oil and Gas Company, is with 
Ralph Love, independent oil operator, Midland, Texas, 
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Raymonp F. BAKER, general manager of the domestic producing department of The 
Texas Company, New York City, has been elected a vice-president in charge of domestic 
producing operations. 


Rosert M. Beatty is manager of the geological division of the American Republics 
Corporation, Houston, Texas. J. P. BLack is manager of the geophysical division of the 
company. 


Joun B. Kerr, consulting geologist and engineer of Foreman, Arkansas, has accepted 
a position as natural gas engineer with the Federal Power Commission at Washington, 
D. C. His address is 4000 Sixty-First Street, N. W., Washington 16, D. C. 


GEoRGE H. Orro has resigned his position of geologist with the Armour Research 
Foundation to enter consulting work. His address is 53 West Jackson Boulevard, Chicago, 
Illinois. 

New officers of the Corpus Christi Geological Society, Corpus Christi, Texas, are: 
president, JAMEes D. Burke, Seaboard Oil Company; vice-president, Witt1am H. WAL- 
LACE, JR., La Gloria Corporation; secretary-treasurer, HENRY WILLIAM VOLK, JrR., Tide 
Water Associated Oil Company; members of executive committee, O. G. McCLatn and 
H. D. McCattium. 


Morris M. LEIGHTON, in his 26th year as chief of the Illinois State Geological Survey, 
Urbana, Illinois, is president-elect of the Society of Economic Geologists for the 1950- 
1951 term. 


OLIVER B. Hopkins, Imperial Oil, Ltd., Toronto, Canada, is the president of the new 
Interprovincial Pipe Line Company, Ltd. 


Gorpon H. Wuire has left the Shell Oil Company, Inc., for his own firm, the Niles 
Oil Company, Dallas, Texas. He was with the Shell 23 years. 


Epirn M. McKee has left the Shell Oil Company at Houston, Texas, to go with the 
Arabian American Oil Company at Dhahran, Saudi Arabia. 


Maria SPENCER, who has been geologist for the past 3 years with the Bahamas Oil 
Company, Ltd., at Nassau, has been transferred to the Rio Bravo Oil Company, Ltd., at 
Calgary, Alberta, where she will be a special problems geologist. 


The Geological Forum of the Pacific Section of the Association arranged a diverse pro- 
gram at Los Angeles, July 18, including H. WAyNE HoyrMan of the Fairchild Aerial 
Survey, who spoke on “Observations and Interpretations of Aeromagnetic Data,” and 
Joun LANCE who talked on the “Evolution of Horse from Northern New Mexico.” 


C. E. BRApForD has recently resigned as division development geologist of the Stand- 
ard Oil Company of Texas, Midland, Texas, and is now affiliated with the Herman Brown 
and George R. Brown office at 130 Kidd Building, Casper, Wyoming. 


WALTER M. SMALL is consulting geologist with the Husky Oil and Refining, Ltd., at 
Calgary, Alberta, Canada. His address is 531 Eighth Avenue West. 


CHARLES A. RENFROE has resigned his position as associate professor with the Texas 
Technological College geology department and is now State petroleum geologist with the 
Arkansas Geological Survey, 446 State Capitol Building, Little Rock, Arkansas. 


Rosert L. FIENNING has resigned from the Skelly Oil Company to open an office of 
consulting geology at 9213 Main Street, Duncan, Oklahoma. 
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Joun A. Pouttn, recently in the employ of the United Geophysical Company in 
Caracas, Venezuela, is in the Oil and Gas Division (Foreign Branch) of the United States 
Department of the Interior, Washington, D. C. 


Paut D. Torrey is president of Lynes, Inc., Houston, Texas. 


RENE Pomeyrot has changed his address from the Texas Petroleum Company, 
Caracas, Venezuela, to Alan, Haute-Garonne, France. 


Officers of the Society of Economic Geologists are: president, THomas B. Notay; first 
vice-president, HucH McKinstry; secretary, OLAF B. Rove, United States Geological 
Survey, Washington, D. C.; treasurer, J. T. SINGEWALD, JR., Johns Hopkins University, 
Baltimore, Maryland. 


FLorent H. Batty, recently elected to the presidency of the Pantepec Oil Company, 
C. A., and the Pancoastal Oil Company, C. A., of Venezuela, has been with the Pantepec 
Oil Company since the beginning of 1928. He has been active in the engineering and geo- 
logic departments of the company, and since 1938 has acted as chief engineer and chief 
geologist. He is also president of the Petroleum Engineering Associates, Inc., and the Oil 
Properties Consultants, Inc., of Pasadena, California, petroleum engineering and labora- 
tory firms, which he was instrumental in forming in 1947 and 1948. 


The third “World Petroleum Congress” will be held in the Netherlands during May 
or June, 1951. The first Congress was held in London in 1933 and the second in Paris in 
1937. The 3d Congress will be organized by the Petroleum Section of the Netherlands 
Royal Institute of Engineers. The secretariat is established at 30 Carel van Bylandtlaan, 
The Hague, to which address the names of those who propose to attend the Congress 
should be sent. A circular giving full particulars will be forwarded to interested parties in 
due course. The Congress will last one week. It has been decided that French and English 
shall be the official languages. The purpose of the Congress is to provide an opportunity 
for the scientific discussion of all technical subjects appertaining to the petroleum industry 
or allied to it. 


C. WarREN Hunt, formerly consulting geologist in San Francisco, is geologist for the 
Denton-Spenser Company, Ltd., consulting engineers, Calgary, Alberta. 


Haroip H. HENDERSON died of a heart attack, June 22, in San Angelo, Texas. He was 
44 years of age. 


RIcHARD M. DANNENBERG died in Oklahoma City, in June, at the age of 53 years. He 
was in the employ of the Shell Oil Company, Inc. 


A regional meeting of the American Society of Photogrammetry which will be of 
interest to many A.A.P.G. members will be held in Denver, October 3-4. Papers per- 
taining to the applications of photogrammetry to geology, engineering, cadastral surveying 
and other related fields, as well as a discussion of university instruction in photogram- 
metry and photogeology will be presented. Field trips are planned to the United States 
Geological Survey Topographic Branch and the United States Air Force Photographic 
School at Lowry Field. For entertainment there will be a buffet-tea dance on an evening 
during the meeting and a mountain trip on October 5 for those who wish to remain an 
extra day. All A.A.P.G. members are cordially invited to attend this meeting. If you desire 
the convention committee to procure reservations for you at the Cosmopolitan Hotel, 
please send your request to Matthew Walker, United States Forest Service, Post Office 
Building, Denver, Colorado, stating accommodation desired and approximate time of ar- 
rival and departure. 
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ABILENE GEOLOGICAL SOCIETY FIELD TRIP, NOVEMBER 2-4 


A.A.P.G. members are invited to attend the fall field conference, November 2-4, 
sponsored by the Abilene Geological Society, to study particularly Canyon and Strawn 
outcrops in the Brownwood and Mineral Wells districts, north-central Texas. Registra- 
tion will begin at 5 p.m., November 2, at the Wooten Hotel, Abilene, Texas. Technical 
programs will follow 7:00 o’clock dinners: November 2 at the Wooten Hotel, and Novem- 
ber 3 at the Baker Hotel, Minerals Wells. Field excursion will leave at 7:30 A.M. from 
Abilene, November 3 and Mineral Wells November 4. The first day will be devoted largely 
to the outcrops of the Canyon series in Brown, Eastland, and Palo Pinto counties, and 
the second day to outcrops chiefly of the Strawn and Canyon series of Palo Pinto and 
Parker counties. The field party will return to Abilene November 4. 

Three east-west cross sections and one north-south, each about 120 miles in length, 
are being prepared to accompany the guidebook. These sections will deal with formations 
from Middle Permian to pre-Cambrian, as determined in wells. A total thickness of 
about 6000 feet of Middle and Lower Permian and Upper and Middle Pennsylvanian 
rocks will be observed, and more important members and formations logged in the 
guidebook. 

Those desiring hotel reservations should communicate with Davin M. Gruss, 
Drilling and Exploration Company, Box 182, Abilene, Texas. Information will be appre- 
ciated about need or surplus of transportation facilities. 


The following men were elected as officers of the Corpus Christi Geological Society, 
Corpus Christi, Texas, for the year 1949-1950: president, J. D. BurkE, Seaboard Oil 
Company; vice-president, W. H. Wattace, Jr., LaGloria Corporation; secretary- 
treasurer, H. W. VoLk, Jr., Tide Water Associated Oil Company; fifth member of execu- 
tive committee, O. G. McCrary, consultant. 

Nicos A. RosE, consulting ground-water geologist, recently returned from an as- 
signment in Tel-Aviv, Israel. He made an investigation of the ground-water supply for 
the City of Tel-Aviv, as special consultant to Knappen, Tippetts, Abbett Engineering 
Company of New York City. 

Frep H. Witcox has been appointed coordinator of producing activities in the 
United States and Canada of the Socony-Vacuum Oil Company. He is being transferred 
to his new duties at 26 Broadway, New York, from the Magnolia Petroleum Company, 
Dallas, Texas, a Socony-Vacuum affiliate. 

Jack Cotte, formerly with HERsHAL FEerRGusoN, has recently opened offices at 1205 
Kenwood, Houston, Texas, to practice consulting geology and paleontology. 

Burton WALLACE CoLtins, of the New Zealand Geological Survey, has been trans- 
ferred to open a district office in Christchurch on the east coast of the South Island. 
Work will be mainly in water resources, economic minerals, and regional geology. 

The Shreveport Geological Society is holding a Lower Cretaceous Field Trip out of 
Austin, Texas, September 1-3. The assembly point is the Hotel Stephen F. Austin, on 
Thursday night, September 1. A barbeque is scheduled at Boyles Ranch, September 2, 
and a banquet at the Austin Hotel, September 3. C. A. Htckcox, Box 750, Shreveport, 
Louisiana, has charge of arrangements. 

New officers of the Pittsburgh Geological Society are: president, CHARLES F. BAssEtv, 
Gulf Oil Corporation; vice-president, R. E. SHERRILL, University of Pittsburgh; secre- 
tary, C. E. Proury, University of Pittsburgh; treasurer, SipnEy S. GALPIN, Peoples 
Natural Gas Company; program chairman, W. B. GEAty, Gulf Oil Corporation. 


BurTON ARMAND LILIENBORG, age 49 years, died in Tulsa, Oklahoma, July 26. He 
had been engaged in geological work for the National Associated Petroleum Company for 


13 years. 
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R. G. HAmItron, area manager for Schlumberger Well Surveying Corporation in the 
Mid-Continent region, has resigned to return to geological fields. He will continue to 
reside at 3622 South Yorktown Place, Tulsa, Oklahoma. 

The Kansas Geological Society, Don W. Payne, president, Wichita, Kansas, issues 
an 8-page news periodical of interest to a wide circle of geologists. An item follows. 
“Twenty-one cars left Kansas City, Kansas, at 1 P.M., Friday, June 17, to begin the Lower 
Kansas River Field Conference, led by J. M. Jewett. Excellent exposures and a well con- 
ducted trip seemed to provide enjoyment for the 35 members of the K.G.S. The crowd 
was swelled to 60 people by the addition of amateur geologists from Kansas City and 
Topeka, and a few members of the State and U. S. Geological Surveys.” 


ADDITIONAL APPLICATIONS APPROVED FOR PUBLICATION 
(Continued from page 1445) 


FOR ACTIVE MEMBERSHIP 


Hiram Reginald Moorman, Caracas, Venezuela, S. A. 

Verner Jones, P. P. Conrad, Albert J. Z. Caan 
George E. Siple, Watervliet, N. Y. 

V. T. Stringfield, A. N. Sayre, Stephen M. Herrick 
Richard Howard Zinszer, Santa Fe Springs, Calif. 

E. R. Atwill, Louis N. Waterfall, John E. Sherborne 


FOR ASSOCIATE MEMBERSHIP 


Robert Garvin Berry, Jr., Tulsa, Okla. 

V. L. VanderHoof, Siemon William Muller, A. I. Levorsen 
John Charles Bianchi, Jr., Victoria, Tex. 

F. L. Whitney, Hal P. Bybee, G. K. Eifler, Jr. 
Dimitri Basil Cocovinis, Port Tewfik, Egypt 

Samuel P. Ellison, Jr., Hal P. Bybee, Ronald K. DeFord 
James Dennis Divelbiss, Denver, Colo. 

Lynn W. Storm, James R. Tichy, G. W. Berry 
George Donald Grant, Calgary, Alta., Canada 

J. G. Gray, J. D. Weir, A. W. Farmilo 
Edwin F. Helser, Caracas, Venezuela, S. A. 

Verner Jones, P. P. Conrad, Albert J. Z. Caan 
Harold Louis Hildebrand, Mart, Tex. 

S. A. Lynch, Fred E. Smith, A. N. McDowell 
Kendall Andrews Keenmon, Ann Arbor, Mich. 

A. J. Eardley, R. C. Hussey, K. K. Landes 
Gale Thompson Leslie, DeWitt, Ark. 

G. R. McNutt, Hal P. Bybee, F. L. Whitney 
Kenneth Wesley Nickerson, Jr., Breckenridge, Tex. 

W. S. Levings, L. W. LeRoy, F. M. Van Tuyl 
Dickerson Roberts Watkins, Jr., San Antonio, Tex. 

G. R. McNutt, F. L. Whitney, H. B. Stenzel 
William Harrison Young, San Antonio, Tex. 

G. R. McNutt, G. K. Eifler, Jr., F. L. Whitney 


FOR TRANSFER TO ACTIVE MEMBERSHIP 


Sydney Urbane Barnes, Midland, Tex. 
Edward J. Foley, Frank L. Fournier, Thomas Clements 
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PROFESSIONAL DIRECTORY 


CALIFORNIA 


WALKER S. CLUTE 
Geologist and Petroleum Engineer 


509 Havenstrite Oil Building 
811 West Seventh Street 
LOS ANGELES 14, CALIFORNIA 


DREXLER DANA 
Geologist and Petroleum Engineer 


Route 7, 410 Fairway Drive 
Bakersfield, California 


Telephone 
Bakersfield 4-4173 


E. FRED DAVIS 
Geologist 
1203 Hollingsworth Building 
606 South Hill Street 


TUcker 1729 LOS ANGELES 14 


EVERETT C. EDWARDS 
Geologist 


501 South Coast Boulevard 


Telephone 1332 Laguna Beach, California 


PAUL P. GOUDKOFF 
Geologist 


Geologic Correlation by Foraminifera 
and Mineral Grains 


799 Subway Terminal Building 
LOS ANGELES, CALIFORNIA 


HAROLD W. HOOTS 
Geologist 
555 South Flower 


Los ANGELES 13 CALIFORNIA 


LUIS E. KEMNITZER 
KEMNITZER, RICHARDS AND DIEPENBROCK 
Geologists and Petroleum Engineers 


1003 Financial Center Building 
704 South Spring Street 
LOS ANGELES 14, CALIFORNIA 


VERNON L. KING 
Petroleum Geologist and Engineer 
707 South Hill Street 


Los ANGELES, CALIFORNIA 
Vandike 7087 


DAN KRALIS 
Geologist 


1307 Dakota Ave. 
FRESNO, CALIFORNIA 


A. I. LEVORSEN 
Petroleum Geologist 


STANFORD UNIVERSITY CALIFORNIA 


ERNEST K. PARKS 
Consultant in 
Petroleum and Natural Gas Development 
and 
Engineering Management 
614 S. Hope St. 
LOS ANGELES, CALIFORNIA 


HENRY SALVATORI 
Western Geophysical Company 
711 Edison Building 


601 West Fifth Street 
LOS ANGELES, CALIFORNIA 


RICHARD L. TRIPLETT 
Core Drilling Contractor 


1660 Virginia Road 


PArkway 9925 Los ANGELEs 6, CALIF. 


CANADA 


THEO. A. LINK 
Geologist 


31st Floor 810A First Street West 
25 King Street West Calgary, Alberta 
Toronto 1, Ontario Main 3005 


Elgin 7313 CANADA 
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COLORADO 


DUNN AND BOREING 


Petroleum Geologists 


BURTON C. DUNN 
M. J. BOREING 


208 Newman Building 
DURANGO, COLO. 


CLARENCE E. MANION 
Consulting Geologist 
1740 Grape Street, Denver 7, Colo. 
Phone Fremont 2234 


Cc. A. HEILAND 
Heiland Research Corporation 


130 East Fifth Avenue 
DENVER 9, COLORADO 


EVERETT S. SHAW 
Geologist and Engineer 


3141 Zenobia Street 
DENVER 12 COLORADO 


HARRY W. OBORNE 
Geologist 


620 East Fontanero Street 
Colorado Springs, Colorado 
Main 4711 


EDWARD C. SIMPSON 
Geologist 
620 Cherry Street 
DENVER 7, COLORADO 


V. ZAY SMITH L. BRUNDALL 
R. McMILLAN A. R. WASEM 
Geophoto Services 


Photogeologists and Consulting Geologists 
305 E & C Building DENVER 2, COLO 


ILLINOIS 


Cc. E. BREHM 


Consulting Geologist 
and Geophysicist 
New Stumpp Building, Mt. Vernon, Illinois 


ILLINOIS 


J. L. MCMANAMY 


Consulting Geologist 


Mt. Vernon, Illinois 


T. E. WALL 


Geologist 


Mt. Vernon Illinois 


L. A. MYLIUS 
Geologist Engineer 


102% E. Broadway 
Box 264, Centralia, Illinois 


Yancey Building 


INDIANA 


317 Court Bldg. 


HARRY H. NOWLAN 
Consulting Geologist and Engineer 
Specializing in Valuations 


Evansville 19, Indiana 
Phone 2-7818 


KAN 


SAS 


WENDELL S. JOHNS 


PETROLEUM 
GEOLOGIST 


Office Phone 3-1540 600 Bitting Building 


Res. Phone 2-7266 Wichita 2, Kansas 


EDWARD A. KOESTER 
Petroleum Geologist 
302 Orpheum Bldg., Wichita, Kansas 
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LOUISIANA 


GORDON ATWATER 
Consulting Geologist 


Whitney Building 


New Orleans Louisiana 


WILLIAM M. BARRET, INC. 


Consulting Geophysicists 
Specializing in Magnetic Surveys 
Giddens-Lane Building SHREVEPORT, LA, 


MISSISSIPPI 


R. Merrill Harris Willard M. Payne 
HARRIS & PAYNE 
Geologists 


100 East Pearl Bldg. 
Jackson, Miss. 


Phone 4-6286 
or L. D. 89 


FREDERIC F. MELLEN 


Consulting Geologist 
P.O. Box 2584 
West Jackson Station 
Jackson, Mississippi 


113% W. Capitol Street Phone 54541 


G. JEFFREYS 
Consulting Geologist 
Box 2415 
West Jackson 117, Miss. 
100 East Pearl St. Phone 3-2285 


E. T. MONSOUR 


Consulting Geologist 
P.O. Box 2571 
West Jackson Station 
Jackson, Mississippi 


1124 E. Capitol St. Phone 2-1368 


G. W. GULMON N. W. JOHNS 
GULMON AND JOHNS 
Petroleum Geologists 


Byrnes Bldg. NATCHEZ, MISS. Phone 735 


MONTANA 


HERBERT D. HADLEY 


Petroleum Geologist 
Billings, Montana 


801 Grand Ave. Phone 2950 


NEW M 


EXICO 


VILAS P. SHELDON 
Consulting Geologist 


Office Phone 720-W 
Home Phone 702-J 


Carper Building 
Artesia, New Mexico 


SHERMAN A. WENGERD 


Petroleum Geologist 
and Photo-geologist 


Mobley Building 
121 South Yale 
Albuquerque 
New Mexico 


Telephone 2-3352 
or 
8861 Ext. 392 


NEW 


YORK 


BROKAW, DIXON & McKEE 


Geologists Engineers 
OIL—NATURAL GAS 


Examinations, Reports, Appraisals 
Estimates of Reserves 
Gulf Building 


120 Broadway 
louston 


New York 


BASIL B. ZAVOICO 
Petroleum Geologist and Engineer 
220 E. 42nd St. City National Bank Bldg. 
New York 17, N.Y. Houston, Texas 
MUrray Hill 7-7591 Charter 4-6923 


Io 


JOHN L. RICH 
Geologist 
General Petroleum Geology 
Geological Interpretation of Aerial Photographs 


University of Cincinnati 
Cincinnati, Ohio 


GORDON RITTENHOUSE 
Geologist 
Specializing in sedimentation 
and sedimentary petrology 
University of Cincinnati 
Cincinnati 21, Ohio 
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OKLAHOMA 


ELFRED BECK 
Geologist 


CRAIG FERRIS 
Geophysicist 
E. V. McCollum & Co. 


821 Wright Building Box 55 515 Thompson Bldg. 
TULSA, OKLA. DALLAS, TEX. Tulsa 3, Okla. 
E. J. HANDLEY R. W. LAUGHLIN 


Vice-President 
CENTURY GEOPHYSICAL CORPORATION 


Phone 5-1171 


1333 North Utica Tulsa 6, Okla. 


WELL ELEVATIONS 
LAUGHLIN-SIMMONS & Co. 


615 Oklahoma Building 


TULSA OKLAHOMA 


FRANK A. MELTON 
Consulting Geologist 
Aerial Photographs 


and Their Structural Interpretation 


1010 Chautauqua Norman, Oklahoma 


CLARK MILLISON 
Petroleum Geologist 
Domestic and Foreign Consultation 


Philtower Building Tulsa, Oklahoma 


P. B. NICHOLS H. T. BROWN 
Mechanical Well Logging 


THE GEOLOGRAPH COMPANY, INC. 
27 N.E. 27 
Phone 58-5511 P.O. Box 1291 
Oklahoma City 1, Oklahoma 


HUGH C. SCHAEFFER 
Geologist and Geophysicist 
Schaeffer Geophysical Company 


Federal National Bank Building 
SHAWNEE, OKLAHOMA 


JOSEPH A. SHARPE 
Geophysicist 


Frost GEOPHYSICAL CORPORATION 
4408 South Peoria Ave. Tulsa 3, Okla. 


WARE & KAPNER 
SAMPLE LOG SERVICE 
Wildcat Sample Log Service 
Covering Southern Oklahoma 
John M. Ware H. H. Kapner 
Tulsa, Oklahoma 


332 East 29th Place 7-6539 


G. H. WESTBY 
Geologist and Geophysicist 


Seismograph Service Corporation 
Kennedy Building Tulsa, Oklahoma 


PENNSYLVANIA 


HUNTLEY & HUNTLEY 
Geologists and Engineers 
Empire ay Pittsburgh, Pa. 
L. G. HUNTLEY 
RoBErT S. STEWART 
L. Guy HUNTLEY 


J. R. Writs, Jr. 


TEXAS 


JOSEPH L. ADLER 
Geologist and Geophysicist 
Contracting Geophysical Surveys 
Outside of United States 
Independent Exploration Company 
Esperson Building Houston 2, Texas 


CHESTER F. BARNES 
Geologist and Geophysicist 


Petroleum Bldg. P.O. Box 266, Big Spring, Tex. 
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TEXAS 


BRYAN D. BECK, JR. 
Petroleum Consultant 
Geology Engineering Micropaleontology 


Bowie Building Beaumont, Texas 


R. L. BECKELHYMER 
Consuliing Geologist 


Domestic and Foreign Experience 
307 Rusk Building Houston 2, Texas 


JOHN L. BIBLE 
Consulting Geophysicist 
TIDELANDS EXPLORATION COMPANY 
Seismic and Gravity Surveys on Land and Sea 
2626 Westheimer 
Houston 6, Texas 


IRA A. BRINKERHOFF 
Geologist 
Associated with 


CUMMINS, BERGER & PISHNY 
National Standard Building 


Houston, Texas 


HART BROWN 
Brown GEOPHYSICAL COMPANY 
Gravity 


P.O. Box 6005 Houston 6, Texas 


E. O. BUCK 
Geologist and Petroleum Engineer 
NATIONAL BANK OF COMMERCE 


GuLF BuILDING, Houston, TEXAS 


R. W. BYRAM 
R. W. BYRAM & COMPANY 


Geologists and Petroleum Engineers 


Texas Oil and Gas Statistics Austin, Texas 


GEORGE W. CARR 
Carr Geophysical Company 


Commerce Building Houston, Texas 


D’ARCY M. CASHIN 
Geologist Engineer 
Specialist Gulf Coast Salt Domes 
Examinations, Reports, Appraisals 
Estimates of Reserves 
705 Nat'l Standard Bldg. 
HOUSTON, TEXAS 


PAUL CHARRIN 
Geologist and Geophysicist 


UNIVERSAL EXPLORATION COMPANY 
2044 Richmond Road, Houston 6, Texas 


913 Union National Bank Building 
Houston 2, Texas 


CUMMINS, BERGER & PISHNY 
Consulting Engineers & Geologists 


Specializing in Valuations 


1603 Commercial Ralph H. Cummins 
Standard Bldg. alter R. Berger 
Fort Worth 2, Texas Chas. H. Pishny 


R. H. DANA 
Southern Geophysical Company 
Sinclair Building 


FORT WORTH, TEXAS 


E. DEGOLYER 
Geologist 


Esperson Building 
Houston, Texas 


Continental Building 
Dallas, Texas 


ALEXANDER DEUSSEN 
Consulting Geologist 
Specialist, Gulf Coast Salt Domes 


413 Commerce Building Addition 
HOUSTON 2, TEXAS 
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TEXAS 
DAVID DONOGHUE RALPH H. FASH 
Consulting Geologist Consulting Chemist 
Apprassals - Evidence - Statsstics Chemistry applied to the search for oil 
Telephones: 
Fort Worth National FORT WORTH, 1811 W. T. Waggoner Bldg. Office 3-7351 
Bank Building TEXAS Fort Worth 2, Texas . Res. 5-3852 


HERSHAL C. FERGUSON 
Consulting Geologist and Paleontologist 
Esperson Building 
HOUSTON, TEXAS 


8251 Gravier Street New Orleans, Louisiana 


F. JULIUS FOHS 
Geologist 
2133 Commerce Building 
Houston 2. Texas 
11 E, 44th Street 
New York 17, N.Y. 


JOHN A. GILLIN 
National Geophysical Company 


Tower Petroleum Building 
Dallas, Texas 


CECIL HAGEN RALPH B. CANTRELL 
Petroleum Geology & Engineering 


Gult Bldg. HOUSTON, TEXAS 


MICHEL T. HALBOUTY 


Consulting 
Geologist and Petroleum Engineer 


Suite 729-32, Shell Bldg. 
Houston 2, Texas Phone P-6376 


SIDON HARRIS 
Southern Geophysical Company 


1003 Sinclair Building, FORT WORTH 2, TEXAS 


L. B. HERRING 
Geologist 


Natural Gas Petroleu:n 


Second National Bank of Houston, Houston, Texas 


JOHN M. HILLS 


Consulting Geologist 


Midland, Texas 
Box 418 Phone 1015 


SAMUEL HOLLIDAY 


Consulting Geologist 
207 Mulberry Lane 


Bellaire, Texas 


R. V. HOLLINGSWORTH 
HAROLD L. WILLIAMS 
PALEONTOLOGY LABORATORY 


Box 51 Phone 2359 
MIDLAND, TEXAS 


J. S. HUDNALL G. W. PIRTLE 


HUDNALL & PIRTLE 
Petroleum Geologists 


Appraisals Reports 
Peoples Nat'l Bank Bldg. TYLER, TEXAS 


Cc. E. HYDE 
Geologist and Oil Producer 


1715 W. T. Waggoner Building 


FORT WORTH 2, TEXAS 
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TEXAS 


JOHN S. IVY 


Geologist 


1124 Niels Esperson Bldg. HOUSTON, TEXAS 


W. P. JENNY 
Consulting Geologist and Geopbysicist 


AERIAL MAGNETIC and MICROMAGNETIC 
SURVEYS and INTERPRETATIONS 
GEOPHYSICAL CORRELATIONS 


1404 Esperson Bldg. HOUSTON, TEXAS 


V. ROBERT KERR RAY W. DUDLEY 
Consulting Seismologists 
Seismic Supervision 


Original and Review Interpretations 


CUMMINS, BERGER AND PISHNY 
Commercial Standard Bldg. Fort Worth 2, Tex 


H. KLAUS 
Geologist and Geophysicist 
Kiaus EXPpLoraTION COMPANY 
Geophysical Surveys and Interpretations 
Gravitymeter, Torsion Balance 
and Magnetometer 
Box 1617, Lubbock, Texas 


JOHN D. MARR 


Geologist and Geophysicist 


SEISMIC EXPLORATIONS, INC. 


Gulf Building Houston, Texas 


PHIL F. MARTYN 
Petroleum Geologist 
2703 Gulf Building 


CHarter-0770 Houston 2, Texas 


O. G. McCLAIN & H. C. COOKE 
MARIE GRAMANN 
Consulting Geologists 
Exploration - Development 


426 Wilson Building 
Corpus Christi, Texas Phone 2-4132, 5568 


HAYDON W. McDONNOLD 
Geologist and Geophysicist 


KEYSTONE EXPLORATION COMPANY 


2813 Westheimer Road Houston, Texas 


R. L. McLAREN 
TEXAS SEISMOGRAPH COMPANY 


Panhandle Bldg. WICHITA FALLS, TEXAS 


GEORGE D. MITCHELL, JR. 
Geologist and Geophysicist 


ADVANCED EXPLORATION COMPANY 


622 First Nat'l Bank Bldg. Houston 2, Texas 


R. B. MITCHELL 


Consulting Geologist 


THE R. B. MITCHELL COMPANY 


City National Bank Bldg. Houston 2, Texas 


CHAS. GILL MORGAN 
Research in Structural Geology 
1702 Tower Petroleum Building 


Dallas, Texas Riverside 4893 


P. E. NARVARTE 
Consulting Geophysicist 
Seismic Interpretations 


Specializing in Faulting and Velocity Analysis 
Current Supervision and Review 


American Hospital & Life Building 


San Antonio 5, Texas 


; 
= 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| Ex 


Bulletin of The American Association of Petroleum Geologists, August, 1949 


TEXAS 


LEONARD J. NEUMAN 
Geology and Geophysics 
Contractor and Counselor 
Reflection and Refraction Surveys 


943 Mellie Esperson Bldg. Houston, Texas 


ROLAND B. PAXSON 


Consulting Geologist 
and 
Petroleum Engineer 


Houston 2, Texas 


1933 Commerce Bldg. 


DABNEY E. PETTY 
10 Tenth Street 
SAN ANTONIO, TEXAS 
No Commercial Work Undertaken 


J. C. POLLARD 
Robert H. Ray, Inc. 
Rogers-Ray, Inc. 
Geophysical Engineering 
2500 Bolsover, P.O. Box 6557 Houston 5, Texas 


ROBERT H. RAY 
Rosert H. Ray, INc. 


Geophysical Engineering 
Gravity Surveys and Interpretations 


2500 Bolsover, P.O. Box 6557 Houston 5, Texas 


F. F. REYNOLDS 
Geophysicist 
SEISMIC EXPLORATIONS, INC. 


1007 South Sheperd Drive Houston 19, Texas 


HUBERT L. SCHIFLETT 


STATES EXPLORATION COMPANY 


Sherman Texas 


A. L. SELIG 


Consulting Geologist 


Gulf Building Houston, Texas 


E. JOE SHIMEK HART BROWN 
GEOPHYSICAL ASSOCIATES 
Seismic 


P.O. Box 6005 Houston 6, Texas 


WM. H. SPICE, JR. 
Consulting Geologist 


2101-02 Alamo National Building 
SAN ANTONIO, TEXAS 


HARRY C. SPOOR, JR 


Consulting Geologist 


Petroleum... ..» Natural Gas 


Commerce Building Houston, Texas 


RODERICK A. STAMEY 
Petroleum Geologist 
Rusk Building 


Houston TEXAS 


W. W. WEST 
PERMIAN BASIN SAMPLE LABORATORY 
123 Midland Tower Phone: 3400 Midland, Texas 


All current West Texas and New Mexico Permian 
Basin wildcat and key pool well sample descrip- 
tions on a monthly subscription basis. 


Descriptions on old wells. 


CHARLES C. ZIMMERMAN 
Geologist and Geophysicist 


KEYSTONE EXPLORATION COMPANY 


2813 Westheimer Road Houston, Texas 
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UTAH 


WEST VIRGINIA 


DORSEY HAGER 
Consulting Geologist 
GEOLOGICAL RESEARCH CO. 

810 Continental Bank SALT LAKE CITY 
Bldg. UTAH 


Telephone 5-9832 


DAVID B. REGER 
Consulting Geologist 


217 High Street 
MORGANTOWN WEST VIRGINIA 


WYOMING 


E. W. KRAMPERT 
Geologist 


P.O. Box 1106 
CASPER, WYOMING 


HENRY CARTER REA 
Consulting Geologist 
Specialist in Photogeology 


Box 294 
CASPER, WYOMING 


Source Data 
DIRECTORY OF GEOLOGICAL MATERIAL 
IN NORTH AMERICA 
By 


J. V. HOWELL AND A. |. LEVORSEN 
Tulsa, Oklahoma, and Stanford University, California 


I. General Material :—National and continental in area 


A. Publications and non-commercial publishing agencies, regional, national, and con- 
tinental 


B. Bibliographies, general 

C. Dictionaries, glossaries, encyclopedias, statistics, handbooks 

D. Miscellaneous books and publications of general geological interest 
E. Commercial map publishers 

F. Regional and national geologic and physiographic maps 

G. State and Province geological maps 

H. Trade journals: oil, gas, mineral industry 

I. Libraries furnishing photostat and microfilm service 

J. Thin-section and rock-polishing service 


II. Specific Material:—State and Province in area 
A. Canada, by provinces 

B. Central American countries 

C. Mexico 


D. United States—states and territories 


Originally published as Part Il of the August, 1946, Bulletin 
PRICE, 75¢ POSTPAID 


THE AMERICAN ASSOCIATION OF PETROLEUM GEOLOGISTS 
BOX 979, TULSA I, OKLAHOMA, U.S.A. 


|| 
| 
| 
| 
} 
| 


XViii 


Bulletin of The American Association of Petroleum Geologists, August, 1949 


GEOLOGICAL AND GEOPHYSICAL SOCIETIES 


THE SOCIETY OF 
EXPLORATION GEOPHYSICISTS 


President - - + Andrew J. Gilmour 
Amerada, Petroleum Corporation 
Box 2040, Tulsa, Oklahoma 
Vice-President - - - - + George E. Wagoner 
Carter Oil Company 
Shreveport, Louisiana 
Editor - R. A. Geyer 
Humble Oil and Refining “Company 
Houston, Texas 
K. E. Burg 


Secretary-Treasurer - - 
Service, Inc. 

6000 Lemmon Ave., Dallas, Texas 
Past-President - - + + + L. L. Nettleton 
Gravity Meter Exploration Co. 

1348 Esperson Bldg. Tex. 
Business Manager- - Colin’C. Campbell 
Room 210, 817 South Boulder, Tulsa, Oklahoma 
P.O. Box 1614 


CALIFORNIA 


PACIFIC SECTION 
AMERICAN ASSOCIATION OF 


PETROLEUM GEOLOGISTS 
President - - + + Clifton W. Johnson 
Richfield Oil Corporation 
Room 430, Richfield Bldg. 

Los Angeles 13, California 
Vice-President - - - - + John E. Kilkenny 
Chanslor-Canfield Midway Oil Company 
4549 Produce Plaza West, Los Angeles 11 
Secretary-Treasurer - - - + Harold E. Rader 
Standard Oil Company, Box ae. Terminal Annex 
s Angeles 5 
Monthly meetings. Visiting i are welcome. 


CALIFORNIA 


COLORADO 


SAN JOAQUIN GEOLOGICAL SOCIETY 
BAKERSFIELD, CALIFORNIA 
President - - - - + - Robert B. Hutcheson 
The Superior Oil Company, Box 1031 


Vice-President - - - + + Floyd L. Johnson 
Honolulu Oil Corporation 


Secretary-Treasurer - + + Maxwell G. Caben 
Seaboard Oil C y of Delaware, Box 7 


Dinner meetings on 2d Tuesday of each month or 
as announced, El Tejon Hotel, Bakersfield. 


ROCKY MOUNTAIN 
ASSOCIATION OF GEOLOGISTS 


DENVER, COLORADO 
President - - - Dart Wantland 
U. s. Reclamation Service 
1st S. W. Lohman 
Goole, Geological Su Survey 


Corporation 
Box 2098 


Secretary-Treasurer - + + + + Kenneth L. Gow 
uperior Oil Company of California 
506 First National Bank Building 


Evening dinner (6:30) and technical program 
(8:00) first Tuesday each month or by weianee: 


ment. 
FLORIDA ILLINOIS 
SOUTHEASTERN ILLINOIS 
GEOLOGICAL SOCIETY 
TALLAHASSEE. FLORIDA President - Brehm 
T. Deane Rod Brehm Drill Drilling & Producing 


gers 
Stanolind Oil and Gas Company, Box 1118 


Vice-President - - C. Blackburn 
Humble Oil and Refining heaton Box 506 
Secretary-Treasurer - + + + «+ Albert A. Raasch 


Meetings will be Rance Visiting geologists 
and friends are welcome. 


olia etroleum, Compan 
535, Mt. Vernon 
. d A. Harris 
Carter Ol Ce Company, Box 368, attoon 
Meetings will be announced. 


Treas 


INDIANA-KENTUCKY 


KANSAS 


INDIANA-KENTUCKY 
GEOLOGICAL SOCIETY 
EVANSVILLE, INDIANA 


President - - J. Comb 
Sun Oil Company, Box 77 J. J 


Vice-P: - -M rd R 
Independent, 417 Court Building 


- D. G. Sutt 
Oil Company, Box 717 ‘ips 


Meetings will be announced. 


KANSAS GEOLOGICAL SOCIETY 
WICHITA, KANSAS 


President - - + + Don W. Payne 
Sinclair Prairie Oil Company 
Vice-President 
Stanolind Oil and Ges Com 
Secretary-Treasurer « 
Superior Oil Company, 510 H. 


Regular Meetings: 7:30 P.M., Loteeied Room, 
University of Wichita, —_ Tuesday of each month. 
Noon luncheons, first and third Monday of each 
month at Wolf's Cafeteria. The Society sponsors 
the Kansas Well Log Bureau, and the Kansas Well 
Sample Bureau, 508 East Murdock. Visiting geolo- 
gists and friends welcome. 


4 
| 
{ 
| 


| 
| 


Bulletin of The American Association of Petroleum Geologists, August, 1949 


xix 


LOUISIANA 


NEW ORLEANS 
GEOLOGICAL SOCIETY 
NEW ORLEANS, LOUISIANA 


President - - Fred S. Goerner 
California Compa ny, 1818 Canal Building 
Vice President and Chair man 
N. Broughton 
The “Texas Company, 1500 Canal Building 
chlum ell Surveying rporation 
452 Canal Building 
Meets the first Monday of every month, October- 
May, inclusive, 12 noon, St. Charles Hotel. Special 
meetings by announcement. Visiting geologists cor- 
dially invited. 


THE SHREVEPORT 
GEOLOGICAL SOCIETY 


SHREVEPORT, LOUISIANA 


President - Victor P. Grage 
Consultant, 415 Asdis Building 
Vice-President - - R. T. Wade 


Schlumberger Well 's Surveying “Corporation 
92 


Secretary-Treasurer - - - Charles A. Hickcox 
Centenary College, Box 750 


Meets monthly, September to May, inclusive, in 
the State Exhibit Building, Fair Grounds. All 
meetings by announcement. 


LOUISIANA 


MICHIGAN 


SOUTH LOUISIANA GEOLOGICAL 
SOCIETY 


LAKE CHARLES, LOUISIANA 


President - - - W. B. Neill 
Stanolind Oil and Gas oa, 
Vice-President - aberstick 

Atlantic Refining 
Secretary - - - James Whatley 
Union Sulphur Company, Sulphur, Ba. 
Treasurer - Bert C. Timm 
Magnolia Petroleum 


Meetings: Dinner and business meetings third 

Tuesday of each month at 7:00 P.M. at the Ma- 

— Hotel. Special meetings by announcement. 
isiting geologists are welcome. 


MICHIGAN 
GEOLOGICAL SOCIETY 
MOUNT PLEASANT, MICHIGAN 
President - - + Glenn C. Sleight 
Sun Oil Company, Taylor Building 
Vice-President - - + Ma eS Osgood, Jr. 

Consultant, 502 S. Arnol 
Secretary-Treasurer - - - + Jack "Mortenson 
Sohio Oil Company, 601 S. Main St. 
Business Manager - - - Kenneth G. Walsworth 
Dept. Conservation, Box 176 
Meetings: Monthly, November through May, at 
Michigan State College, East Lansing, Michigan. 
Informal dinners at 6:30 P.M. Papers follow 

dinner. Visitors welcome. 


MISSISSIPPI 


NEW YORK 


MISSISSIPPI 
GEOLOGICAL SOCIETY 
BOX 2253, WEST JACKSON, MISSISSIPPI 
President - - E. T. Monsour 
Consultant, “Box 2571, West Jackson 
Vice-President - - Charles E. Buck 
Skelly Oil Company, 100 East Pearl Building 


Treasurer - W. H. Knight 
Union Producing Company 
Secretary + - T. Holden 


Carter “Oil Company, Box 1490 


Meetings: First and third Thursdays of each 
month, from October to May, inclusive, at 7:30 
P.M., the Edwards Hotel, Jackson, Mississippi. 
Visiting geologists welcome to all meetings. 


EASTERN SECTION 
AMERICAN ASSOCIATION OF 
PETROLEUM GEOLOGISTS 
NEW YORK, NEW YORK 
President - - + + Hollis D. Hedberg 
Gulf ‘Oil Corp., 17 — Place 
Vice-President - - - uglas A. Greig 
Standard Oil Co., (N.J. 30 Rockefeller Plans” 
Treasurer - - - Marshall Kay 
Department of Geology, Columbie University 
Secretary - - - Godfrey F. Kaufmann 
Standard- Vacuum ‘Oil Co., 26 Broadway, 
Room 1556 
Meetings by announcement to members. Visiting 

geologists and friends cordially invited. 


OKLAH 


OMA 


ARDMORE 
GEOLOGICAL SOCIETY 
ARDMORE, OKLAHOMA 
President - - - I. Curtis Hicks 
Phillips Petroleum Company 
- _+ Earl Westmoreland 

Seaboard Oil Company 


Secretary-Treasurer - - - Frank Millard 
Schlumberger Well Surveying Corp., Box 747 


Dinner meetings will be held at 7:00 P.M. on the 
first Wednesday of every month from October to 
May, inclusive, at the Ardmore Hotel. 


OKLAHOMA CITY 
GEOLOGICAL SOCIETY 
OKLAHOMA CITY, OKLAHOMA 
President - - - + + + + + + Rizer Everett 
Carter Oil Company 
Vice-President - - + Richard L. Roberts 

Vickers Petroleum Company 
- - - L. W. Curtis 
Sohio Petroleum Company 


Treasurer - - - - Joseph M. Sears 
Independent 


Secretary - 


Meetin program each month, subject 
to cal Program Committee, Oklahoma ity 
Tisai’ 24th Street and Blackwelder. Lunch- 
eons: Every second and fourth Thursday of each 
month, at 12:00 noon, Y.W.C.A. 
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OKLAHOMA 


SHAWNEE 
GEOLOGICAL SOCIETY 
SHAWNEE, OKLAHOMA 
President - - - - + + + + Doyle M. Burke 
The Texas Company, Box 1007 
Vice-President - - - - + Jack W. Davies 
Halliburton Oil We ‘I Cementing Company 
Secretary-Treasurer - + + Marcelle Mousley 


Atlantic Refining Company, Box 169 


Meets the third Thursday of each month at 8:00 
P.M., at the Aldridge Hotel. Visiting geologists 
welcome. 


TULSA —* 
TULSA 


President - - - ty E. Upp 
Amerada Petroleum Corporation, ox 2040 
Ist Vice-President - - W. Reese Dillard 
Cc onsultant, Box “2204 
2d Vice- —— - - John M. Nash 
Shell Oil Company, Box 1191 
Secretary-lreasurer - Noel Evans 
‘onsultant, 1510 Philtower " Building 
Editor - - _- John C. Maher 


U.S. Geological Survey, Federal Ts 
Business Manager - rost 
Ohio Oil Company, Thompson Building 
Meetings: First and third Mondays, each month, 
from October to May, inclusive, at 8:00 P.M., 
University of Tulsa, Lorton Hall. Luncheons: 
Every Friday (October-May), Chamber of Com- 

merce Building. 


PENNSYLVANIA 


TEXAS 


PITTSBURGH GEOLOGICAL 
SOCIETY 
PITTSBURGH, PENNSYLVANIA 
President - - Charles F, Bassett 
Gulf Oil Corporation, Box 4 
Vice-President - R. E. Sherrill 
University of Pittsburgh 
Secretary - - - - - - - - - C. E. Prouty 
University of Pittsburgh 
Treasurer - - - + Sidney S. Galpin 
Peoples Natural Gas Company 
545 William Penn Place 


Meetings held each month, except during the 
summer. All meetings and other activities by 
special announcement. 


ABILENE GEOLOGICAL SOCIETY 
ABILENE, TEXAS 


President - + + + + + + J. R. Day 
Pan American Production Company 
Vice-President + - - + - David M. Grubbs 
Drilling and Exploration Company 


Secretary-Treasurer - + C.S, Noland 
Skelly Oil Company 


Meetings: 2d Thursday of each month, 7:30 P.M., 
Wooten Hotel. 


TEXAS 
IETY 
SOCIETY 
CORPUS CHRISTI, TEXAS 
Presid P.O. Box 900 
resident - - James D. Burke 
Seaboard Oil Company of — Box 601 Vice-President - - H. V. Tygrett 
The Atlantic Refining Company 
Vice-President - - - Ww. Wallace, Jr. P.O. Box 2819 
La Gloria Corporation, “Driscoll” Building Secretary-Treasurer + « Gilbert P. Moore 
Secretary-Treasurer - - H.W. Volk, Jr. ‘onsulting, 501 Continental Building 
Tide Water Associated Oil Company Executive Committee - - - - Edgar Kraus 


Driscoll Building 


Regular luncheons, 7 eee, Terrace Annex 
Room, Robert Driscoll otel, 12:00. Special night 
meetings by announcement. 


Atlantic «company 


Meetings: Monthly =e and night meetings 
by announcement. 


EAST TEXAS GEOLOGICAL 
SOCIETY 


TYLER, TEXAS 


President - - - G. C. Clark 
Stanolind Oil and and Gas Company 
Ox 


Vice-President - - M. Trowbridge 
Consultant, 225 ‘Building 


Secretary-Treasurer- - - - + Rosella L. Bunch 
Shell Oil Company, Inc., Box 2037 


Luncheons: Each week, Monday noon, Blackstone 
ote 

Evening meetings and programs will be an- 
nounced. Visiting geologists and friends are 
welcome. 


FORT WORTH 
GEOLOGICAL SOCIETY 
FORT WORTH, TEXAS 
President - - + F, H. Schouten 
a Stanolind Oil “and Gas Company 
ox 1410 
President - - H. C. Vanderpool 
Texas Pacific Coal and Oil Company 
Box 2110 
Secretary-Treasurer - + + Thomas Nichols 
Rowan Oil Company 
Commercial Standard Building 
Luncheon at noon, Hotel Texas, first 
pene of each month. Visiting geol- 
ogists and friends are invited and welcome at 
all meetings. 
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TEXAS 
HOUSTON NORTH TEXAS 
GEOLOGICAL SOCIETY GEOLOGICAL SOCIETY 
HOUSTON, TEXAS WICHITA FALLS, TEXAS 
President - - - Hershal C. Ferguson President - - jae eph W. — 
Consultant, 935 Mellie Esperson Building Shell Oil “Company, nc., Box 20 
Vice-President - - - - R.R. Rieke Vice-President - - + - + Ralph H. aie 
Schlumberger Well Surveying Corporation Panhandle Producing and Refining Company 
Secretary - - - James H. McGuirt Box 1191 
Tide Water Oil Company Secretary- - + + Walter L. Ammon 
Treasurer - - - + Marjorie Fuqua Stanolind as Company 


Humble Oil and Refining Company 


Regular meeting held the second and fourth Mon- 
days at noon (12 o’clock), Mezzanine floor, Texas 
State Hotel. For an particulars pertaining to the 
meetings write or call the secretary. 


Meetings: Luncheon 1st and 3d Thursdays of 

each month, 12:00 noon, Texas Room, Holt Hotel. 

Evening meetings b special announcement. Visit- 

ing geologists and friends are cordially invited to 
meetings. 


PANHANDLE 
GEOLOGICAL SOCIETY 
AMARILLO, TEXAS 
President - - + + + E. Hatton 
Phillips Petroleum Company, Box 1761 
Vice-President - - - - + - Robert F. Herron 
Oil Development Company, 900 Polk St. 
Secretary-Treasurer- - - + - Robert B. Totten 
Sun Oil Company, Box 46 
Meetings: Luncheon 1st and 3d Wednesdays of 


each month, 12:00 noon, Herring Hotel. Special 
night meetings by announcement. 


SOUTH TEXAS GEOLOGICAL 


SOCIETY 
SAN ANTONIO, TEXAS 
President - - - + Paul B. Hinyard 


Shell Oil. Company 
2000 Alamo Nationa Building 


Vice-President - - - + - + + J. Boyd Best 
Ohio Oil Company 


Secretary-Treasurer - - Louis H. Haring, Jr. 
tanolind Oil and Gas Company 


Meetings: One regular meeting each month in San 
Antonio. Luncheon every Monday noon at Milam 
Cafeteria, San Antonio. 


TEXAS 


UTAH 


WEST TEXAS GEOLOGICAL 
SOCIETY 


MIDLAND, TEXAS 


Box 1595 
President - T. Schneider 
Honolulu “Oil Box 1391 
Vice-President - - - Ralph D. Chambers 
Continental Oil Cemeenn, Box 431 
Secretary - - Jesse A. Rogers 
The “Texas Company, Box 1270 
Treasurer - We 


Forest Oil Gaia Box 1821 
Meetings will be announced. 


UTAH GEOLOGICAL SOCIETY 
SALT LAKE CITY, UTAH 
P.O. Box 1015 
President - - - - J. Stewart Williams 
Utah State Agricultural College, Logan 
Vice-President - - - - - + A. Lee Christensen 
Utah Construction Company, Salt Lake City 


Corresponding Secretary - - Reed F. Welch 
American Smelting and Refining Co., Salt Lake City 


Recording Secretary - Max Erickson 
University of Utah, Salt Lake City 
Treasurer - W. Christainsen 
University of Utah, Salt ‘Lake City 
Sponsors an annual field trip for which a guidebook 

is published. 
Meetings by announcement. 


WEST VIRGINIA 


WYOMING 


APPALACHIAN GEOLOGICAL SOCIETY 


CHARLESTON, WEST VIRGINIA 
P.O. Box 2605 


President - - W. B. Maxwell 
United Fuel Gas Company, Box 1273 
Vice- Northern Div. - -_ - Robert S. Hyde 
William Penn Place, Pittsburgh, Pa. 
Vice- lg Central Div. - - + George H. Hall 
Southeastern Gas Corp., Charleston, W.Va. 
Vice-Pres., Kentucky Div. - -_ + Paul Dufendach 
Kentucky-West Vitginia Gas Co. Ashland, Ky. 
-Treasurer - - Ballentine 
Oakwood Road, “Charleston, WV a. 
Edito T. Ziebold 
Thomas Circle Road, indians W.Va. 
Meetings: Second Monday, each month, except 
omens uly and August, at 6:30 P.M., Daniel 
joone Hotel. 


WYOMING GEOLOGICAL 
ASSOCIATION 
CASPER, WYOMING 
P.O. Box 545 


- + Jed B. Maebius 
Gulf “Oil Corporation, Box 1971 

1st Vice-President - - - Emmett = Schieck 
Morton Oil Company, Box 1979 

2d Vice-President (Programs) - Donald E. Edstrom 

British-American Oil Producing Company, Box 620 

Secretary - J. B. Headley, Jr. 
Atlantic Refining Com 

Treasurer- - eorge L. Goodin 
Petroleum Information, Inc. 


Informal luncheon meetings every Friday, 12 noon, 
Townsend Hotel. Visiting geologists welcome. 
Special meetings by announcement. 
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CONSULTING 
CONTRACTING 


HOUSTON, TEXAS 


: 
: 
: 
: 
2500 BOLSOVER ROAD 


GEOPHYSICAL 


GRAVITY * CONSULTING 
SURVEYS * CONTRACTING 


4 
| 
Bulletin of The American Association of Petroleum Geologists, August, 1949 xxiii | ( 
| 
| 
| 
| 
2500 BOLSOVER ROAD + HOUSTON, TEXAS |@ 2 
| 


EX YLORATION, INCORPORATED 
SOUTH SHEPHERD DRIVE HOUSTON, TEXAS 
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FROST GEOPHYSICAL CORPORATION 


AIRBORNE MAGNETOMETERS, For contract surveys, 
sale and lease. 


GRAVIMETERS manufactured under license from Stand- 
ard Oil Development Company. 


GRAVIMETRIC AND MAGNETIC SURVEYS carefully con- 
ducted by competent personnel. 


GEOLOGIC INTERPRETATION of the results of gravimet- 
ric and magnetic surveys. 


4410 South Peoria Avenue Tulsa 3, Oklahoma 


Having trouble interpreting your data? 
Perhaps it’s because your mixed records’ 
say, ‘‘Pick the dip this way,’’ 
where a simple record would say 
‘*Pick it this way ’’ 
RELIABLE gets BOTH 
mixed and simple every shot. 


MIXED 


SIMPLE 


RELIABLE GEOPHYSICAL CO. 


Glenn M. McGuckin _ Perry R. Love 
Yoakum, Texas 


Box 450 


USANA 


GET AROUNWO EASIER, FASTER — 


with North Americans 
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PORTABLE GRAVITY METER 


You can cover a lot of territory per day with the North, Zz et 


American Portable Gravity Meter. Its easy portability’ 
makes moving from one location to another very 
simple. In helicopter, sedan or jeep, readings can be 
made without removing the Meter from the conveyance. 
It can be carried by back pack, in a small boat or canoe 
when necessary. Readings can be made in two minutes 
or less after the meter is set-up on its tripod. 

Its high sensitivity (.01 miligal) and extreme stability 
assure readings of greater accuracy than is usual for 
this type of surveys. 

For easier, faster, more accurate surveys . . . which 
mean economy in gravity work ... write for complete 
details of the North American Gravity Meter. 
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MUD CONTROL Before SPUDDING IN 


Several well-known operators follow —uable advice in prescribing an ovieaih' 


a policy of consulting Baroid field serv- _ mud program to avoid trouble and to 


ice engineers on drilling problems in a save money. 


given area, before drilling starts. They Baroid engineers have long been noted 


profit by these pre-drilling consultations for their ability to serve when trouble 


through reduction in drilling costs and occurs. They also render even more valu- 


by earlier and better completions. 


able service by preventing trouble before 


They find that Baroid engineers, through __ it starts. Consultation with the Baroid engi- 


their long experience and intimate knowl-  neer in your district before you drill may 


edge of the drilling problems 


of each district, can render valu- 


PATENT LICENSES unrestricted as to 
sources of supply of materials, but on 
royalty bases, will be granted to respon- 
sible oil companies and others desiring to 
practice the subject matter of any and/or 
of United States Patent Numbers 
2,041,086; 2.044,75 
2,119,829; 2,294,877; 
2,393,173; 2,417,307 and further improve- 
ments thereof, Applications for licenses 
should be made to Los Angeles office. 


3; 2,064,936; 2,094,316; 
2,387,694; 2,393,165; 


ue result in saving you thousands 


"> of dollars when you drill. 


BAROID SALES DIVISION 


AN NATIONAL LEAD COMPAN 
OS ANGELES 12 TULSA 3 HOUSTON 
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ACCURATE GEOPHYSICAL SURVEYS 


ou laud, water, swamps 
aud mountatus 


Through the use of specially 
designed portable seismic units 
which are carried in helicopters 
to remote prospects, GENERAL 
has substantially increased the 
production rate of seismograph 
operations at a comparable cost 
per profile. 


Every phase of GENERAL seis- 
mograph operations can be com- 
pletely airborne by helicopters 
surveying, drilling, cable lay- 
ing, shooting and recording. 


These experienced GENERAL 
Crews . . . working with equip- 
ment specifically designed for 
deeper exploration . . . can help 
insure the success of your ex- 
ploration programs. 


GEOPHYSICAL COMPANY HOUSTON 
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Run a comparative test. Compare the 
REED ‘‘Kor-King” with any other core drill and 
standardize on the one that gives the best results. 


Many of our best customers have 
standardized on REED “Kor-King” 
CORE DRILLS only after making 
careful performance comparisons. 
Their comparisons have shown to 
their complete satisfaction, that 
REED "Kor-Kings” consistently get a 
higher percentage recovery of 


good cores. 


Other reasons for this preference 
are the long life and fast drilling 


action of Reed cutter heads, the 


simple, rugged construction of “Kor- 
King” core barrels, and the easily 
replaceable oil resistant core barrel 


bearings. 


Use a Reed “Kor-King” on your next 
coring job. Keep records. Compare 
percentage recovery, core quality, 
and cutter head peformance. You 
will see for yourself why Reed “Kor- 
King” core drills are the preference 


of leading operators — all over the 


world. 


REED ROLLER BIT COMPANY 


P. O. BOX 2119 


HOUSTON 1, TEXAS 


LONDON: 59 Wool Exchange, Coleman St., London E.C.2, England 
NEW YORK: 1836 RCA Building, New York 20, New York 
ARGENTINA: Avenida Presidente Roque, Saenz Pena 1124, Buenos Aires, Argentinr 


Gulf Coast, Mid-Continent and Rocky Mountain Distributor for Martin-Decker Product. 


THIS 

typicé 
impo 
Faircl 
mach 


2246. 
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FOR INDUSTRY, 
COMMERCE AND 
PUBLIC WORKS 


920, Fair- 
child has served 
clients the world 
over . . . conduct- 
ing domestic and 


AND THE OPERATORS, like C. W. Crisp, are 
typical of Fairchild technicians. The combina- 
tion of the best equipment and men of Crisp’s 
ability is typical of Fairchild leadership in 
aerial mapping. 


THIS STEREOSCOPIC PLOTTING MACHINE is 
typical of Fairchild equipment. This instrument, 
imported from Switzerland and modified by 
Fairchild, is the world’s outstanding autographic 
machine... fast, accurate, and efficient. 


expeditionary 


Fairchild operators are veteran map 
men... seasoned in field and produc- 
tion work. Men who have learned the 
photogrammetric science the hard way. 
Following his graduation from Geor- 
gia Tech in 1927, Crisp spent years 
practicing surveying in all its branches. 
In fact, Crisp made a record 925 plane 
table shots in one eight-hour day. 
Working at 1” = 100’ and a 2-foot 
contour interval, he mapped and com- 
pletely sketched 40 acres from 22 in- 
dividual setups. 


Production at Fairchild keeps Crisp 
at his new machine nearly three- 
quarters of the time. He does, however, 
keep his hand in as field party chief. 
It is know-how such as Cecil Crisp’s 
and the availability of equipment such 
as the Wild A-5 Autographic machine 
that keep Fairchild out in front as 
the top consulting service on aerial 
survey projects. When planning a sur- 
vey, call in Fairchild engineers. Pre- 
liminary planning is available to you 
at no obligation. 


FOR BETTER MANAGEMENT AND ENGINEERING — CONTACT FAIRCHILD 


AERIAL SURVEYS, INC. 


224 E. 11th St., Los Angeles 15, Calif, ¢ 21-21 Forty-First Ave., Long Island City 1, N. Y.* 73 Tremont St., Boston 8, Mass, 


FACTS ABOUT FAIRCHILD LEADERSHIP ; 
| 
serial surv 
the fields of: 
Petroleum 
Mining 
g 
Forestry” 
Water Ways 
Highways 
g 
Railroads 
ere 
Utilities 
Pipe Lines” 
. 
Taxation 
Flood Control 
City Planning : 
y Legal Evidence 
Exgintt 
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The best place to find oil is 
WHERE NOBODY HAS LOOKED BEFORE 


in the proven trends throughout 
the oil-bearing sections of the world. 


In the search for oil in rough country, seismograph crews in the past have been restricted 
to shooting near road patterns ... or only as far off the road as trucks could penetrate the rough 
country. As a result, only road areas have been proven. Now, unsurveyed regions in proven areas 
offer the best prospects for new oil reserves. 

By adapting proved portable marine instruments to land operations, Marine Exploration is 
now able to shoot dip and strike lines oriented to local geology regardless of the pattern of 
road systems at a cost comparable to conventional seismograph surveys. That's how Marine 
Exploration can help you look for new oil reserves in unsurveyed sections of mountainous or swamp 
country . . . where nobody has looked before. 

We will appreciate your inquiries about the availability of Marine Exploration Crews for your 
new exploration programs. 


EXPLORATION CO. 


3732 WESTHEIMER ROAD, HOUSTON 6, TEXAS 
423 BALTER BUILDING, NEW ORLEANS, LA. 


FOREIGN AGENT: Jorge Besquin de V, Reforma Num. 1-656, Mexico D.F. 
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THE EARTH TELLS ITS SECRETS 


Oil Operators hire Contract Seismograph Crews for only one reason: To help them 
find oil. To solve this difficult and expensive problem, the very best equipment and 
best trained personnel are required. 


Century carries on a continuous program of research and development to assure 
the oil industry that Century will have available the most modern geophysical 
instruments. The technical staff on the field crews is composed of the best 
trained and best educated personnel available, but they are also given the 
benefit of constant research to devise better interpretational techniques. 


Interpretational procedures and field operation techniques are 

quickly changed to fit new problems as they arise. Century 

field crews have always operated on the very simple policy 

of doing everything possible to assist the operator in his 

search to discover new oil reserves. Our clients are 

assured of complete cocperation in conformity with 
their requirements. 


Contact Century for contract crews. 


CORPORATION 


TULSA, OKLAHOMA | 


: 
7 
SEISMIC CONTRACT CREWS 
Ag 
2 
; 
EXPORT: 149 Broadway, New York 


The Supreme Court of the United States has defined good 


will as the disposition on the part of a satisfied customer 


to return to the place where he has been well treated. 


On this policy, Century has established their operations. 


CENTURY GEOPHYSICAL CORP. 


TULSA, OKLAHOMA 
EXPORT: 149 Broadway, New York 
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Lane-Wells Radioactivity Well Logging 


‘sees | BE through casing and cement to reveal character and thickness of all 
formations, show porous sone find possible cased-off pay zones, |S 
detect fluid-bearing zones, ire locate casing seats, aE and liner overlaps 
ak make measure checks, So check on all squeeze jobs, Ss and tie all 


information to fixed immovable reference points - the casing collars fo ee 


LANEQ)WE 1B Radioactivity Well Logging 


LOS ANGELES HOUSTON OKLAWOMA CITY 


..gtuers the Only Complete Record possible through Casing! 


GENERAL OFFICES, EXPORT OFFICES & PLANT 5610 SO. SOTO ST. LOS ANGELES 11, CALIFORNIA 
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| PLASTIC CORE TUBES 


- @ New way to preserve cores for filing and enparttion. 
Non-breakable, tamper-proof, easy to use and reuse. 
tight water- -proof seal. More than pays for itself by pth al 
in transportation weight. 

@ Available in 3’ lengths in diameters to handle most cores. 
Carrying cases are available. 


Extrulite Tubes are ideal for protecting maps and other 
valuable papers. 
@ Mid Continent and Rocky Mountain distribution by the 
Reed Roller Bit Co. 

Send for 


sample 
Extruders 
WE INC. details. 


8509 HIGUERA STREET, CULVER CITY, CALIF. 


TEXAS SEISMOGRAPH COMPANY 
R. L. McLaren R. A. Crain 


* PANHANDLE BUILDING WICHITA FALLS, TEXAS 


MINERAL RESOURCES OF CHINA 


By V. C. Juan 
June-July, 1946 Issue, Part II, Economic Geology 
75 cents per copy In lots of 10—$6.00 


The Economic Geology Publishing Company 
100 Natural Resources Building, Urbana, Illinois 


COMPREHENSIVE INDEX 


OF THE PUBLICATIONS OF THE AMERICAN ASSOCIATION OF 
PETROLEUM GEOLOGISTS, 1917-1945 


By DAISY WINIFRED HEATH 


603 PAGES. PRICE $4.00 (TO MEMBERS, $3.00) 


THE AMERICAN ASSOCIATION OF PETROLEUM GEOLOGISTS 
Box 979, Tulsa 1, Oklahoma 
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HOW TO RECOVER 
GEOLOGICAL DATA 
FROM HARD AND SOFT FORMATIONS 


The A-1 Rotary-Type Side Wall Core 
Barrel is the result of intensive en- 
gineering research in response to the de- 
mand for a coring method that could be 
effectively used in conjunction with elec- 
trical well logging. It is designed to se- 
cure the advantages of drilling the well, 
running the electrical log, then coring. 


This side wall core barrel is designed 
to cut cores in hard as well as soft forma- 
tions. It operates similarly to regular wire 
line barrels except that the cores are cut 
at an angle of approximately twenty de- 
grees with the well bore. It is fed into the 
wall of the well bore by means of pump 
pressure. Rotation is transmitted to the 
core cutter head by the drill pipe result- 
ing in true cores that are not mashed, 
distorted, or contaminated. Such cores are 
ideal for laboratory examination and eval- 
uation. They are 114” O.D. and have suffi- 
cient volume to allow complete analysis 
for permeability—vertical and horizontal 
—porosity, oil and water content, chloride 
content, and grain size. 


2000 HUSSION ST. 


This tool is operated by and with reg- 
ular rotary drilling equipment plus an 
auxiliary sand line hoist. Cores are cut 
with mud circulating as in regular drill- 
ing. Cores are cut quickly and are com- 
pletely enclosed in an inner barrel. Since 
cores are cut after the well is drilled and 
after running the electrical log, non-es- 
sential zones or sections are not cored. 
This results in reduced coring costs and 
less coring time. 


The side wall core barrel will operate 
in any size hole from 8%4” diameter 
through 15”. The minimum I.D. of drill 
pipe the barrel will run through is 2 13/16”. 
We recommend a minimum of 434” drill 
pipe with 434” A.P.I, Full Hole or larger 
I.D. Tool Joints. Write for additional in- 
formation. 


Here’s positive proof of the acceptance of the 
A-1 Side Wall Core Barrel. From December 17, 
1945 to June 30, 1949: 

7,325 Cores for 

164 Companies on 

676 Wells in 

70 different formations at depths from 1352’ 

to 16,127’. 
PLEASE WRITE FOR OUR BROCHURE ON SIDE 
WALL CORING. 


INCORPORATED 
GENERAL OFFICE 
HOUSTON, TEXAS 


\ 
\ 

| 

\\ 

/ 
| 


XXXVi Bulletin of The American Association of Petroleum Geologists, August, 1949 


WeST Altimeters Save 
Time and Money 


r RESENT day surveying 
and mapping techniques demand 
time-saving methods to help com- 
pensate for the high cost of field 
parties. W&T Sensitive Altimeters, 
combined with the Two Base Method 
of Precise Altimetry, provide a 
practical answer to the problem 
since they permit the establishment 
of vertical control in one-quarter to 
one-tenth the time required for spirit 
or trigonometric leveling. Accuracy 
meets the requirements of all but 
the most exacting work. 


W&T Sensitive Altimeter 
Type FA-185 


These instruments are avail- 
able in several types and ranges — 
all are custom calibrated—and they 
can be furnished in matched sets. 
Design features include sensitivity 
to 1 part in 8000, light weight, 
choice of calibration and shock- 
proofed mechanism. 


Write today for details on 
saving time and money with alti- 
meter surveying. 


W&T Sensitive 


WALLACE &TIERNAN' Altimeter 


inc... Type FA-112 
MECHANISMS AND PRECISION INSTRUMENTS 
), New Jersey * Represented in. Principal Cities 


A-76 
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O N FOUR Continents, in every potential oil-bearing 
~ area, Hawthorne Replaceable Blade “Rock Cutter” 
Bits are speeding the work of exploration parties. 


It’s well known that the cost of seismographic work is 
largely dependent upon the speed of drilling shot holes. 
That’s why more and more exploration drillers are using 
“Rock Cutters” in 95% of their operations. 


Discover for yourself the economy—the greater conven- 
ience—the vastly superior drilling efficiency you get with 


Hawthorne “Rock Cutter’ Bits. 


ALL FORMATION DRILLING 
Hawthorne “Rock Cutter” Bits 
drill faster in soft formations than 
any conventional drag bits. They 
also efficiently drill broken forma- 
tions and 75% of all rock forma- 
tions normally requiring roller bits, 


“ON THE BIT” DRILL SERVICE 


There is no bit service problem. 


when you use Hawthorne Replace- 
able Blade Bits. Twelve sets of 
blades, weighing only 2 to 3 pounds 
per set, come in plainly-marked 
boxes that are easily carried with 
the drill . . . easily and quickly 
installed. 


See GEOPHYSICAL DIRECTORY or COMPOSITE CATALOG for lists, parts, prices—or 
write for illustrated Catalog. Hawthorne Bits are available in a range of sizes to 


fit any drill. 


HERB J. 


P. 0. BOX 7299 HOUSTON 8, TEXAS 


HAWTHORNE 


INC. 
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GEOLOGRAPH 


MECHANICAL WELL-LOGGING SERVICE 


Ask any Geolograph user about the advantages of this machine which 
logs foot by foot . . . 24-hours a day . . . shows formation changes, 
drilling depth and down time — at all times! He’ll tell you that this 
accurate, foot-by-foot sub-surface control while drilling results in a 
higher percentage of successful drill stem tests; fewer and more 
accurately placed cores; accurate determination of sample tops, and 
elimination of many depth corrections! That’s why you'll save by con- 
tacting your nearest service point for Geolograph on that next well! 


@ ODESSA, TEXAS @ WICHITA FALLS, TEXAS @ ALICE, TEXAS 
@ SHREVEPORT, LA. @ BATON ROUGE, LA. © CASPER, WYOMING 
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SEISMIC 
SURVEYS 


ON LAND AND SEA — FOREIGN AND DOMESTIC 


Assured positive results . . . Based 
on years of practical experience 
performing geophysical surveys 
delineating oil structures. 


JOHN L. BIBLE RAY ST. GERMAIN U. E. NEESE 


TIDELANDS EXPLORATION CO. 


2626 Westheimer Houston, Texas 
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Within overnight shipping distance 

of the majority of exploration activity, Harri- 

son's three supply points provide service when you 

need it for both geophysical field crews and laboratories. Orders 

are shipped from the Harrison store nearest your location to give you maximum 
benefit of savings in freight rates. When you need geophysical supplies .. . 


for laboratory or field crews . . . call Harrison first! Our three locations are com- 
pletely stocked to meet your needs when you need it. 


A complete line of geophysical and electronic supplies 


arrison 


MAIN OFFICES: 1422 SAN JACINTO, HOUSTON 
BRANCHES: 6234 PEELER ST., DALLAS @ 1124 E. 4TH ST., TULSA 
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-Tndependent’s Seasoned Field Organization 
means accarate results, rapid 
on your exploration program 


The thorough training and long experience of all 
key members of the field crews are one of the important 
advantages you enjoy when you contract with Independ- 
ent Exploration. Every Party Chief has been thoroughly 
seasoned in field procedure by several years of work as 
observer and computer... followed by special training 
in all phases of the work. The average experience of 
Independent's Party Chiefs is thirteen years. 


Independent's efficient, experienced crews can 
make your exploration program more profitable. 


Independent 


EXPLORATION COMPANY 
ESPERSON BUILDING HOUSTON, TEXAS 
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LOOKING 
AHEAD 


WITH 
CONSTANT 
RESEARCH 


The success of any highly specialized tech- 
nical service is in direct proportion to its 
hindsight of experience and the foresight 
it gains from continued research. Our ex- 
perience covers 22 active years. Each year 
has brought valuable findings and 
proved techniques. 


MAGNETIC AND e 


ELECTRIC SURVEYS 
WILLIAM M. BARRET, INC. 
Consulting Geophysicists 


GIDDENS-LANE BLDG. SHREVEPORT, LA. 
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if a core could speak... 


it could tell you o more about its immediate and future productive 
characteristics than can be measured and reported by Core Lab. 


Operators in increasing numbers are realizing the capital sig- 
nificance of obtaining reliable basic core analysis data, and, with 
Core Lab's experienced interpretations, they are accurately 
determining productive possibilities, fluid contacts, effective pay 
thickness, and the economic feasibility of testing and completing. 
These same basic data are then applied further for the appraisal 
of maximum ultimate recovery from the formation. No reservoir 
can be properly engineered without this fundamental knowledge. 
And only from a core can this completely comprehensive 
information be obtained. 


So, let Core Lab speak with experience for your core. 


LAFAYETTE (WATCHES 
RANGEHY  WORLANG BAKERSFIELD: 


| 
| 
SORE LABORATORIES, INC. DALLAS, TEXAS 48 
ORLAHOME DENVER MIDLAND ADHERE. = | 


Dowell Selective Acidizing puts the acid where you want it! 


To get more oil from your wells, acid treatments 
should be directed accurately into selected zones. 
Look to Dowell for this service—selective acidiz- 
ing, using the Electric Pilot. 


Drawing on experience gained in acidizing thou- 
sands of wells, Dowell engineers work with you, 
correlating an Electric Pilot permeability survey 
with other well data, to determine the zones 
which should respond to treatment. Then, with 
the aid of the Electric Pilot, they acidize just 
those zones. For example: A north Texas well was 
producing 1% barrel of oil per hour and had a 
il ratio of 20,000 to 1. After selective acidiz- 

ing ov well produced 50 barrels of oil per hour, 
the gas-oil ratio was reduced to 500 to 1! 


SELECTIVE ACIDIZING 


Ask your nearest Dowell Station for complete information on these Dowell services 
and products: Acidizing, Electric Pilot Services, Plastic Service, Chemical Scale 
Removal Service for heat exchange equipment, Jelflake, Paraffin Solvents, Mag- 
nesium Anodes for Corrosion Control and Bulk Inhibited Hydrochloric Acid. 


‘Petroleum Promotes Progress” 


Selective acidizing is advantageous in most old 
wells, particularly those with residual oil to be 
recovered from tight sections; those with high 
gas-oil ratios, intermediate water zones or leaking 
casing seats; and those plugged back from bottom 
water or deepened to new pay zones. It is of 
value for new wells with saturated zones of vary- 
ing permeability or those with a change of 
formations within the open hole. 


Ask for your copy of the booklet describing all 
the Dowell Electric Pilot Services. 


DOWELL INCORPORATED 
TULSA 3, OKLAHOMA 
Subsidiary of The Dow Chemical Company 
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@ In what may have been the first Amer- 
ican Commando raid, troops under General 
George Washington fell upon British forces 
at Trenton, N. J., December 26, 1776, fol- 
lowing a surprise crossing of the icy, roiling 
Delaware River. George Washington knew 
the enemy would be celebrating the 
Yuletide and would be disorganized. Put 
That was correct interpretation 
that paid off. 
Such expert interpretation 
is a matter of experience. 


@ Experience counts. This is especially true in seismic exploration, where 
McCollum Exploration Company has had leadership for over a quarter of 
a century. Years of experience in the seismic field are necessary for accurate 
interpretation of facts. All this is a matter of vital importance when it 


concerns costly drilling operations in the oil business. 


SINCE 1923 


1025 S. SHEPHERD DRIVE e HOUSTON 19, TEXAS 
DOMESTIC AND FOREIGN EXPLORATION 
Pioneers in 
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GEOLOGY OF THE 
TAMPICO REGION 
MEXICO 

By John M. Muir 


280 pages 
Save.... 15 half-tones 
e TIME LABOR MONEY 41 line drawings 
Eliminate ... 212 references 
© COSTLY CHECKING 
@ TEDIOUS HAND COPYING Bound in cloth 
© PERSONAL ERRORS 
THE ORIGINAL COPY 
YOUR ONLY RESPONSIBILITY $4.50, Postpaid 
Cost is NOT Increased by ($3.50 to Members) 
Detail or Number of Colors 
eee VISION THE AMERICAN ASSOCIATION OF 


PETROLEUM GEOLOGISTS 


OLOR FEESEARCH. Inc. BOX 979, TULSA 1, OKLAHOMA 


MIAMI, OKLA, 


MIDLAND, TEXAS 


22 Offices for 
your convenience 


‘KEY SERVICES SERVICES 


MULTIPLE SHOT OIL WELL SURVEYING SERVICE 

The Eastman-designed and engineered multiple shot instrument for record- 
ing both deviation and direction of a bore hole is the finest device of its 
kind in the field. Over two million feet of successful surveying has proven 
its performance. 


COREX ORIENTED CORING SERVICE 

Eastman Corex equipment plus your wire line or conventional coring barrels 
provide a fast positive method of determining the di oe strike of the 
geological formation through which the hole is drill 


ELECTRONIC TEMPERATURE SURVEYS AND 
WATER-LOCATING ““WATER WITCH”’* SERVICE 

These improved surface-recorded chart surveys furnish valuable records 
and information on sub-surface problems. Specially equipped Electronic 
Survey trucks eliminate the use of rig equipment, thus saving time and ex- 
pense on the job. We invite you to call our representative for exact data 


on your particular problem. 
* AVAILABLE IN CALIFORNIA 


OIL WELL SURVEY COMPANY 


LONG BEACH @ DENVER @ HOUSTON 


» 
24-HOUR LAB SERVICE 
COLOR | 
Well Log Duplication | 
service for The 
Shree Oil & Gas Industry 
3 
\ 
& 
M/ 
i 


The increasing use of Radioactivity Well Logging 


shows that experienced producers are constantly 


making it standard practice to obtain complete well 
records through casing for, both, the purpose of 


immediate completion and as a store of information 


to be used in any future production problems. 


These licensees have run almost 20,000 Radioactivity Logs. 


LANE-WELLS COMPANY 
UNITED STATES 


of Delaware 


CARACAS, VENEZUELA 


TULSA, OKLAHOMA U.S.A. 


SEISMOGRAPH SERVICE CORP 


GEOTECNICA, S. A. 


BUENOS AIRES, ARGENTINA 
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making and interpreting gravity 
surveys in most of the petroleum 
provinces of the world... ‘ocal- 
izing structural areas, 
For marine exploration -under- 
water gravity meters, electrically 
controll d and observed 


GRAVITY METER 
EXPLORATION CO. 
geophysicists 


ESPERSON BLDG. HOUSTON, TEXAS 
W. G. SAVILLE 
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Now Ready 


DIRECTORY OF GEOLOGY DEPARTMENTS OF 
EDUCATIONAL INSTITUTIONS IN THE 
UNITED STATES AND CANADA 


Compiled by 


Dorothy Johnson 
Shepard W. Lowman 
John T. Rouse 


Under the direction of the A.A.P.G. Research 
Committee, John T. Rouse, Chairman, March, 1949 


A useful guide for companies, institutions, and individual students, in selection 


of employees and choice of schools 

Lists 160 colleges and universities represented in A.A.P.G. membership 

Data about each institution: 

1. Name and address of institution 

2. Faculty, their ranks, where and when they received their degrees 

3. Courses offered 

4. Requirements for major in geology: number of hours or courses in geology 


and in allied sciences 


136 pp., 6 x 9 inches, lithoprinted. Paper cover. 


Price, $1.50, postpaid 


The American Association of Petroleum Geologists 
Box 979, Tulsa 1, Oklahoma, U.S.A. 
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WESTERN CANADA 


500 


1 
MILES 


In Paper Covers. Handy to Take with You 


POSSIBLE FUTURE OIL PROVINCES OF 
THE UNITED STATES AND CANADA 


CONTENTS 

Foreword By A. I. Levorsen 
Alaska By Philip S. Smith 
Western Canada By Alberta Society of Petroleum Geologists 
Pacific Coast States By Pacific Section, American Association of Petroleum Geologists 
Rocky Mountain Region By Rocky Mountain Association of Petroleum Geologists 
Northern Mid-Continent States By Tulsa Geological Society 
West Texas By West Texas Geological Society 
Eastern Canada 


By Geological Survey of Canada, Quebec Bureau 
a Mines, and Hewhundiend Geological Survey 
Eastern United States 


By Appalachian Geological Society 
Southeastern United States By Mississippi Geological Society 
154 pp., 83 figs. Paper cover. 6 x 9 inches 


Reproduced by photo offset process from original printing of 1941 
PRICE, $1.50, POSTPAID ($1.00 TO MEMBERS AND ASSOCIATES) 


THE AMERICAN ASSOCIATION OF PETROLEUM GEOLOGISTS 
BOX 979, TULSA 1, OKLAHOMA, U.S.A. 
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Being Reprinted Order Now 


PROBLEMS OF 
PETROLEUM GEOLOGY 


Sidney Powers Memorial Volume 


A Sequel to Structure of Typical American Oil Fields 
A compilation of 43 papers prepared for this volume by 47 authors 


Edited by 
W. E. WraTHER and F. H. LAHEE 


Outline of Contents 


Part I. History 


Part II. Origin and Evolution of Petroleum. Group 1: Origin. 
Group 2: Carbon Ratios. Group 3: Variation in 
Physical Properties 


Part III. Migration and Accumulation of Petroleum 

Part IV. Relations of Petroleum Accumulation to Structure 
Part V. Porosity, Permeability, Compaction 

Part VI. Oil-Field Waters 


Part VII. Subsurface Temperature Gradients 


1,073 pp., 200 illus. Cloth. Price, postpaid: to members, $4.00; 
to non-members, $5.00. Usual discounts to educational institu- 


tions. 


The American Association of Petroleum Geologists 
Box 979 ... Tulsa 1, Oklahoma 
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1936 


1938 


1946 


1947 


1947 


1948 


1948 


1948 


1949 


1949 


1949 


AVAILABLE PUBLICATIONS OF 


The American Association 
of Petroleum Geologists 
Box 979, Tulsa 1, Oklahoma 


Geology of the Tampico Region, Mexico. By John M. Muir. 280 pp., 15 
half-tone plates, 41 line drawings, 9 tables. 6 x 9 inches. Cloth. To mem- 
bers and associates, $3.50 ................sceeeeseesceccesceeceeencens 
Miocene Stratigraphy of California. By Robert M. Kleinpell. 450 pp.; 14 
line drawings, including a large correlation chart; 22 fuli-tone plates of 
foraminifera; 18 tables (check lists and a range chart of 15 pages). 6 x 9 
inches. Cloth. To members and associates, $4.50 .................0000- 


Directory of Geological Material in North America. By J. V. Howell and 
A. I. Levorsen. 112 pp. Pt. II, Aug., 1946, Bull. 6.75 x 9.5 inches. Paper .. 


Possible Future Oil Provinces of the United States and Canada. 3rd 
printing. From August, 1941, Bulletin. 154 pp., 83 figs. 6 x 9 inches. Paper. 
Comprehensive Index of the Publications of the A.A.P.G., 1917-1945. Com- 
piled by Daisy Winifred Heath. 603 pp. 6.75 x 9.50 inches. Cloth. To mem- 
Structure of Typical American Oil Fields. Vol. III. McCoy Memorial Vol- 
ume. 24 papers. 516 pp. 219 illus. Cloth. To members and associates, $3.50 . 


Appalachian Basin Ordovician Symposium. From August, 1948, Bulletin. 
264 pp. 72 illus. 6 x 9 inches. Cloth. To members and associates, $1.50 .... 


Directory of Films and Slides of Possible Interest to Geologists. Compiled 
under direction of Committee on Applications of Geology. 22 pp. 8.5 x 11 
Tectonic Map of the United States, 3d printing. Originally published, 
1944. Prepared under direction of National Research Council, Committee on 
Tectonics, Div. Geology and Geography. Scale, 1 inch = 40 miles. 7 colors. 
2 sheets, each 40 x 50 inches. Folded, $1.75. In tube ............ rare wes AS 
Problems of Petroleum Geology. 2d printing. Originally published, 1934, 43 
papers. 1,073 pp. 200 illus. 5.75 x 8.75 inches. Cloth. To members and asso- 
Directory of Geology Departments of Educational Institutions in the 
United States and Canada. Compiled under the direction of Research Com- 


Bulletin of The American Association of Petroleum Geologists. Official monthly 


publication. Each number, approximately 150 pages of articles, maps, dis- 


cussions, reviews. Annual subscription, $15.00 (outside United States, 


$15.40). Descriptive price list of back numbers on request. 


(Prices, postpaid. Write for discount to colleges and public libraries.) 
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FOR CORES THAT TELL 
THE STORY CHOOSE A 


HUGHES CORE BIT 


HUGHES company 
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